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APPENDIX B - ROBSIM PROGRAMMER'S GUIDE
Introduction

The purpose of the Robotic Simulation (ROBSIM) program developed at Martin
Marietta Denver Aerospace is to provide a broad range of computer capabilities
to assist in the design, verification, simulation, and study of robotic sys-
tems. ROBSIM is programmed in Fortran 77 and implemented on a Digital Equip-
ment Corporation VAX 11/750 computer using the VMS operating system.

This programmer's guide describes the ROBSIM implementation and program
logic flow, and the functions and structures of the different subroutines.
With this manual and the in-code documentation, an experienced programmer can

incorporate additional routines and modify existing ones to add desired cap-
abilities.

This appendix is separated into four main sections. The following sectiom
presents an overview of the ROBSIM implementation and should be fully under-
stood before attempting to modify the program. The remaining sectioms describe
the primary ROBSIM executable images: (1) INITDRVR - the system definition
function driver, (2) SIMDRVR - the analysis tools driver, and (3) POSTDRVR -
the postprocessor function driver. Each of these three sections contains a
block diagram showing the subroutines included in the corresponding executable
and program logic flow. This is followed by functional descriptions and visual
control logic representations (VCLRs) for these subroutines. Items (2) and (3)
will be included in the final submission.

VCLR format. — VCLR diagrams present program logic flow in a format that
is compatible with structured programming. The use of VCLR diagrams offers
several advantages over the use of flow charts:

1) Only the standard constructs are used;

2) The total scope and impact of the logic can be seen and easily under-
stood;

3) No extraneous symbols, connections or notations are used.

VCLR provides a picture of a software design. It enables software engi-

neers to express their thinking visually and stresses the control logic of the
design.

Standard constructs in visible control logic representations are the same
as those for pseudocode: SEQUENCE, IETHENELSE, DOWHILE, DOUNTIL, and DOCASE;
only the representations differ.

SEQUENCE: A SEQUENCE is simply one standard construct or one single
statement followed by another. If Pl and P2 are standard constructs or single

statements, the sequence would appear in a visible control logic representation
as




Pl

P2

IFTHENELSE: IFTHENELSE consists of a true/false test and a path for each
state. The true path appears on the left side, under the "7." One of the
paths may be a "do nothing" or "NULL" path. One or both paths must consist of
a standard construct or of a single statement. If "Cl" is the condition being
tested, "P1" is the true path, and "P2" is the false path, the IFTHENELSE con-

struct would be written as
T \\\ Ccl /// F

Pl P2

DOWHILE: The DOWHILE is a loop with these characteristics:

1) The counter or other item to be "incremented" is initialized before
entering the loop;

2) The test is performed at the beginning of the loop. The conditions
that must exist for the loop to be executed are the conditions that
appear in the DOWHILE test;

3) The item to be executed must be a standard construct or a single
statement;

4) The counter is incremented or other increment-like action is generally
taken (e.g., another line is read) at the end of the loop.

If "Cl" is the condition that must exist for the loop to be executed, and

"p1" is a standard comstruct or single statement, the DOWHILE would be written
as

DOWHILE C1

P1




DOUNTIL: The DOUNTIL is a loop with these characteristics:

1) The counter or other item to be "incremented” is initialized before
entering the loop; '

2) The test is performed at the end of the loop. The conditions that
must exist to exit from the loop are those that appear in the DOUNTIL
test;

3) The item to be executed must be a standard construct or a single
statement;

4) The counter is incremented or other increment-like action is generally
taken (e.g., another line is read) at the beginning of the loop.

If "Cl" is the condition that must exist to exit from the loop and "Pl" is
a standard construct or single statement, the DOWHILE would be written as

P1

DOUNTIL Cl

DOCASE: The DOCASE construct is for executing a different set of state-~
ments for each of several different values of a variable. If "Cl" is the var-
iable being tested and if "Cl" may have values 1, 2, or 3, the comstruct ap-
pears ’

DOCASE Cl T : Cl=1 / F
' \ T \ c1=2 / F
1 2 3 Def T \\\ Cl=3 /// F

P3 P4

Pl P2 P3 P4 Pl P2
Example A Example B

Example A is equivalent to the nested IFTHENELSE form shown in B.

Subroutine indexing. - The subroutine descriptions and VCLRs are arranged
according to the number assigned in the block diagram. This label consists of
three parts (nl.n2.n3). The first part (nl) indicates with which executable--
(1) INITDRVR, (2) SIMDRVR, or (3) POSTDRVR--the module is associated. While
some routines are used in more than one executable, each is documented only
once and labeling number nl tells which section includes that documentatiom.

PRECEDING PAGE BLANK NOT FILMED
|- X

B-3



The next number (n2) indicates the level in the program hierarchy at which the
routine occurs. There are three main levels under each executive driver and a

fourth level that is assigned to the utility functions used by a variety of

routines. The final number (n3) in the routine label distinguishes the modules

within each level of one executable program.

In-code documentation. - Although the information contained in this pro-
grammer's guide provides an understanding of the overall program logic and
function of the individual subroutines, the bulk of the program documentation
is included in the Fortran program modules. This enhances the accessibility of
the documentation and allows it to be updated as modifications are made. Each
Fortran module contains a preamble that lists the routine's:

1) Purpose;

2) Input (calling arguments and terminal inputs);
35 Output (calling arguments and terminal outputs);
4) Common variables;

5) Internal variables;

6) External references;

7) Functional description;

8) Assumptions and limitatiouns;

9) Special comments;

10) References.

Figure B-1 illustrates an example of this in-code documentation. The file
SKLTN.FOR contains a skeleton of the preamble for use in writing new programs.




OF PCOR GUaLiiY

EXTERNAL REFERENCES
1/0 FILES

LUl - Logical unit assigned for input from the terminal
LU2 - Logical unic assigned for output to the termisal

SCRATCH FILES
N/A

EXTERNAL ROUTINES

BLDARM - Create/wodify arwm data file

BLDENV - Create/modify detailed environment file

BLDLOD -~ Create/modify load objects data file

BLDSYS =~ Create system data file

ERRMSG = Prints error messages for any error occurring
during execution

LBR_HELP - Gains access to the ROBSIM help library

sETLY - Default logical units routine

FUNCTIONAL DESCRIPTION

The ROBSIM command file prompts the user for the
program function desired. The three ROBSIM program
functions are System Definition, Analysis Tools, and
Post Processing. The user may also request program
termination., Upon receiving a valid function request,
the ROBSIM command file transfers control to and executes
the appropriate function driver.

The System Definition executive calls BLDARM, BLDENV,
BLDLOD or BLDSYS to create or modify an arm, environment,
load objects or arm system.

ASSUMPTIONS AND LIMITATIONS

1. ROBSIM is programmed in FORTRAN 77 for use on
VAX 11/780 cowputers under the VMS operating
system.

ROBSIM uses Evans and Sutherland Multi Picture
System graphics using MPS FORTRAN callable
graphics routines. Use of the graphics
capabilities in ROBSIM is optional, however
full utilization of the program capabilities
is greatly limited without the graphics.

2.

SPECIAL COMMENTS

I. If graphics is desired, the graphics work station
must be assigned using individual facility
procedures.

2. The necessary arm data files must exist prior to
building a system.

REFERENCES

None

THE FOLLOWING CREATES A HELP LIBRARY MODULE

INITDRVR
THIS MODULE IS EXECUTED BY THE SYSTEM DEFINITION PROCESSOR
PARAMETERS
Qualifiers:
/ IMODE
/IMODE
TYPE DIM DEFINITION
% 1 Select flag for mode of operation
* |, Create/modify an arm data file
= 2, Create/modify detailed
environment file
= 3, Create/modify load objects data file
= 4, Create system data file
= 5, End ROBSIM INITDRVR executive
FUNCTION

The ROBSIM command file prompts the user for the
program function desired. The three ROBSIM program
functions are System Definition, Analysis Tools, and
Post Processing. The user may also request program
termination. Upon receiving a valid functiom request,
the ROBSIM command file transfers control to and executes
the appropriate function driver.

The System Definition executive calls BLDARM, BLDENV,
BLDLOD or BLDSYS to create or modify an arm, environment,
load objects or arm system.

¢ C
PROGRAM INITDRVR CcD6
C CD6
cDo . cD6
CDO  ROBOTICS SIMULATION (ROBSIM) PROGRAM CD6
<D0 SYSTEM DEFINITION FUNCTION ROUTINE D6
cbo CD6
[ CD6
¢bl ' cDé
cbl PURPOSE CD6
(%113 CD6
cbi The purpose of the KOBSIM Program is to provide a CDé
CDl  broad range of computer capabilities to assist in the cDé6
CDl  design, verification, simulatiomn, and study of CDé
[+12 robotic systems. CDé6
cbl The program INITDRVR is the System Definition Function CcDé
CDl  driver. It op in an i ive mode, prompting the CcD6
CD1l  user for the system definition option desired. Valid options CcD6
CDl  are: create or wodify an arm data file, create or CD6
CD1l  modify a detailed environment file, create or modify load D6
cpl objects, create a system data file, or terminate INITDRVR CcD6
CcDt program execution. CD6
Dl Ccbé
C CD6
cb2 C
CD2  DEFINITION OF INPUT cD7
cb2 cb7
cD2 CALLING ARGUMENTS (42
D2 cD7
cD2 SYMBOL TYPE DIM DEFINITION cD7
cp2 CcD?
CD2 N/A cD7
Ccb2 D7
<p2 TERMINAL INPUTS cD?
cD2 cD?
CcD2 SYMBOL TYPE DIM DEFINITION cp7
€D2 cp7
CcD2 IMODE %% 1 Select flag for mode of operation D7
CcD2 = 1, Create/modify an arm data file cp?
¢D2 = 2, Create/modify detailed C
cD2 eavironment file cD8
CD2 = 3, Create/wmodify load objects dats file cb8
€2 = 4, Create system data file cD8
CcD2 = 5, End ROBSIM INITDRVR executive cb8
cD2 ITERM 1% 1 Program termination flag, cb8
ch2 requested following fatal CcD8
cD2 error CcD8
€b2 = 1, Reissue program mode D8
cD2 selection prompt CcD8
€D2 = RETURN, Terminate program - cD8
€D2 cDn8
- cD8
C co8
cp3 C
cb3 DEFINITION OF OUTPUT cD9
€D3 <9
>3] CALLING ARGUMENTS cn9
cD3 c»9
cD3 SYMBOL TYPE DIM DEFINITION cD9
cD3 co9
cD3 N/A cp9
cp3 D9
cD3 TERMINAL OUTPUTS cDpe
cD3 C
cD3 SYMBOL TYPE DIM DEFINITION cDlo
cD3 €D10
cD3 None ©plo
cD3 cblo
C CD10
Cch4 C
Ché COMMON VARIABLES 4
Ch4 C:
Cha INPUT cbx1
CD4. CDX
CD4 Lu1, Lu2 CDX
CD4 CDX2
CD&4 QUTPUT cDX
Ccha cDxX
CD4 NONE CDX3
cha cDX
¢ CbX
CD5 CDX
CcD5 INTERNAL VARIABLES CDX
cD5 CDX
CD5 SYMBOL TYPE DIM DEFINITION CDX
cDS cDX
Cb5 IERROR I*4 1 Error indicator flag cbx
€D5 =0, No errors encountered CDX2
cD5 .NE. 0, Error has occurred, chX
CcDS contains appropriate CDX
CcD5 error number required [oi) 4
cDs by routine ERRMSG cDX
CDS IHLP I* 1 The integer 911 input Erom terwinal to CDX
CcDS signify user wishes to access help file CDX
cDS MODE I*% 1 ROBSIM program mode flag, set to 1 CDX
CDS to indicate program execution is DX
D5 currently within the System Definition CcDX
cD5 Function CDX
CDS CDX
c
Figure B-1l.-

Example of in-code documentation.




Implementation Notes

This section describes the programming conventions used in implementing
ROBSIM on the VAX-1l computer architecture under the VMS operating system,
The program consists of a large number of Fortran routines and their compiled
object modules, along with a limited number of executable images and VMS

command files.

Executive-level command file. — The executive level of ROBSIM is handled

by an interactive command file ROBSIM.COM.

Figure B-2* shows this command

file. This file runs one of the ROBSIM executable images (Fig. B-3) selected
INITDRVR.EXE is the executable containing the system definition

by the user.

routines and SIMDRVR.EXE contains the analysis tools image.

The postprocessor

functions reside in two executable files: (1) POSTDRVT.EXE for video-terminal
display of results, and (2) POSTDRHP.EXE for hardcopy plotting.
cause the display software requires linking of different modules for terminal
vs hardcopy displays.

ROBSIM.COM

r

INITDRVR.EXE

SIMDRVR.EXE

POSTDRVT.EXE

POSTDRHP.EXE

Figure B-3.- ROBSIM executive command file.

This is be-

Linking the programs. - Each executable image contains an executive rou-

tine having the same name as the executable (POSTDRVR for the postprocessor
To facilitate linking, the

images) and a large number of supporting routines.
compiled object modules are included in object libraries.
linked by executing command files that reference these libraries.

The programs are

Figure B-4

shows the linker command files and Table B-I lists the programs in the object

libraries.

The bulk of the libraries are contained in the main ROBSIM directory
(ROBSIM DIR:) but some reside in different directories or devices. This is
especially convenient for implementations on multiple-disk systems. Table B-II
lists the alternate device specifications; these logicals must be assigned to
appropriate physical devices, possibly during the log-in procedure.

* Full-page figures can be found at the end of this section.




TABLE B-I. MODULES IN ROBSIM OBJECT LIBRARIES

‘ CNTLLIB.OLB OBJECT LIBRARY MODULES:
CMPCTRL CNTRSIG CONTROL
FORREF FORTOR ICVTATD
PIDCON PIDFOR PIDINIT
POSSENS

BLDARM BLDDAT
BLDLOD BLDSYS
DEFSPJT ENVIR
RDARM RDARMS
RDENVS RDLOAD
TOTMAS WRTARM
WRTLOD WRTSYS

DATOUT DIALS
ESPAUS FORM
ISBIT1 .LOGO
ROTMAT

ACTUATOR BASE
JOINT LINK
OBJECT SPAN
TOOLJT TOOLLK

CYL DATATAB
DRAW DRWENV
ESMAT FILLET
GRAPH GRINIT
MAT MATVEC
ORIENT POSTGRAF
SYSGRAF TRISTR

CRLIB.OLB OBJECT LIBRARY MODULES:

BLDENV
CREATARM
LOAD
RDENV
RDLODS
WRTENV

EANDSLIB.OLB OBJECT LIBRARY MODULES:

ESCNTRL
GRAFIX
POSTGRAF

GEOMLIB.OLB OBJECT LIBRARY MODULES:

BASES

LOCMOD
TLDMAS

GRAFLIB.OLB OBJECT LIBRARY MODULES:

DBAS
DRWLOD
GRAFIX
GRTERM
OBSTCL
RECT

MATHLIB.OLB OBJECT LIBRARY MODULES:

CETM CRPD DOT2

GAUSS MATMPY REPCOL

SLVLIN SLVLIN2 SOLVE
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TABLE B-I.

(concl)

AXES
MINMAX
SIMOTION

REQLIB.OLB OBJECT

ACTORQ
CNSTFOR
DEBUG
FORCE
LODMOV
PCNTRL
PTACC
RCICR
REQPLT
REQTRQ
SGMNT
TORQUE

SETLIB.OLB OBJECT

ADDMAS
GRASP
RELEAS

SIMLIB.OLB OBJECT

ACTIVPIH
DERIV
EFINRT
INITCO
NLINK
RESPON
SIMOPT
SLVTHDD

CVTUNIT
JACOB
SETLU

POSTLIB.OLB OBJECT LIBRARY MODULES :

HDWMOTIN LDTHET
ROBPLT SCAL
TICMRK

LIBRARY MODULES:

CABSM CHKLMT
CNTRLR CVTIN
DYNAM ENDREQ
FTIN JTPOS
ORERR OUTREQ
POSGRDJT POSSPJT
PVASPJT RATEPRO
RCNTRL REQOPT
REQPRT REQSOF
REQUIR SEGINIT
SPRGFOR SPRGINC
VAGRDJT

LIBRARY MODULES:
ADDMAS2 BASPUT
RCICR RDSYS
SETUP SETUP2
LIBRARY MODULES:

CALCI DEFCNST
DOT DRTORQ
EFINRT2 ENDSIM
INTGRT LDVOLT
OUTSIM PRTARM
SETCNST SIMLMT
SIMPLT SIMPRT
STOPFR

UTILLIB.OLB OBJECT LIBRARY MODULES:

DEFUNIT ERRMSG
LININT OUTUN
ZERCOM
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TABLE B-II. - DEVICE-DIRECTORY SPECIFICATIONS IN ROBSIM

Logical Modules contained in directory

ROBSIM DIR: Basic ROBSIM modules

MPS_DIR: Evans and Sutherland graphics modules

HELP_DIR: Help utility modules

DI3000_DIR: Display modules (video-terminal and

hardcopy)

HARDCOPY_DIR: Modules for creating meta—files from

' picture files

Fortran files and object files. - Each Fortran routine is included in its
own file; the name of the file is that of the routine it contains and the file
type is ".FOR". An object file with the same name and type ".0BJ" holds the
compiled version of each Fortran file. After a Fortran module is modified, an

executable image containing the updated version can be obtained by issuing the
following commands:

FORTRAN MODULENAME
LIBRARY/REPLACE LIBNAME MODULENAME
@LNKNAME

Command files FORROB.COM and REPLIB.COM exist for compiling the entire
set of routines in the main directory and updating the object libraries.
PRTROB.COM provides for printing all of the Fortran modules. Each of these com-
mand files should be updated when routines are added to or deleted from the
program.

Fortran COMMON blocks. - The variables used by several routines are ar-
ranged into COMMON blocks. The text file ROBCOM.DOC lists and briefly de-
scribes the variables included in each COMMON block. A Fortran COMMON state-
ment for each block resides in a file of type ".CMN'" that has the same name as
the COMMON block. The COMMON blocks are included during compilation of the
Fortran modules using the INCLUDE statement. This allows a block to be modified
by changing only the ".CMN'" file, instead of all the Fortran modules that use
this block.

During compilation of the Fortran modules, maximum values must be speci-
fied for some of the array dimensions. These maximum dimensions are often de-
fined by PARAMETER statements, and most of these statements are included in
the file MXPRMS.TXT. Figure B-5 shows a listing of this file. To change the
maximum dimension of some variables (e.g., to increase the number of arms pos-
sible in a system), the programmer must only change the appropriate parameter
(MXARMS) and recompile the programs.




MXPRMS.TXT

THE PARAMETERS IN THIS INCLUDE FILE ARE CONSTANT VALUES REQUIRED
BY THE PROGRAM.

PARAMETER (MXLNKS=10,MXARMS=2)

PARAMETER (MAXORD=3,MAXSEG=20,MXPLTS=31)
PARAMETER (MXENCMPS=30,MXGRCMP=20,MXLDCMPS=10)
PARAMETER (MXPTS=10,MXLODS=10)

DEFINITIONS
SYMBOL TYPE DIMENSION DEFINITION

MXARMS I*4 1 MAXIMUM NUMBER OF ARMS

MXLNKS I*4 1 MAXIMUM NUMBER LINKS ALLOWABLE

MXPLTS I*4 1 MAXIMUM NUMBER OF Y ARRAY DATA
PARAMETERS WHICH MAY BE
WRITTEN TO PLOT FILE

MAXORD I*4 1 ORDER OF THE POLYNOMIAL DESCRIBING
THE MOTION TIME HISTORY
MAXSEG I%*4 1 MAXIMUM NUMBER OF TIME SEGMENTS

ALLOWED TO DESCRIBE THE MOTION
TIME HISTORY

MXPTS I*4 1 MAXIMUM NUMBER OF POINT MASSES
IN EACH LINK OR LOAD

MXGRCMP I%*4 - 1 MAXIMUM NUMBER OF GRAPHICS COMPONENTS
ALLOWED PER LINK

MXENCMPS I*4 1 MAXIMUM NUMBER OF GRAPHICS COMPONENTS
IN ENVIRONMENT

MXLDCMPS I*4 1 MAXIMUM NUMBER OF GRAPHICS COMPONENTS
IN EACH LOAD OBJECT

MXLODS I*4 1 MAXIMUM NUMBER OF LOAD OBJECTS ALLOWED

Figure B-5. — Listing of MXPRMS.TXT.

Interactive help utility. — An interactive help utility is implemented in
ROBSIM to provide online assistance to the user for answering some of the pro-—
gram prompts. The utility provides the user with information on the function
and form of the routine and its arguments. The utility is implemented using a
mixture of custom software and the VMS help utility. Information for the help
library is included in the in-code documentation in the Fortran modules under
the heading "CDX". The command file MAINHLP.COM is executed to set up a help
library ROBLIB.HLB from this documentation. The executable image MNEXTRACT.EXE
is run to extract the help library information from the Fortran modules; it
selects all program lines beginning with "CDX" and deletes the "CDX" headings.
The formatted file MAINHLP.DOC lists the Fortran modules (type ".FOR" implied)
to be searched for help library information. All segments that are extracted
must follow the conventions for creating help libraries as described in VAX/VMS
Volume 4A Program Development Tools Utilities Reference Manual, Section 10.3.2.
They are temporarily stored in a file of type "eHLP .
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(Warning - all ".HLP" routines are deleted by the command file execution!)

As an example, Figure B-6 shows the help documentation extracted from pro-
gram POSTDRVR. The help utility is accessed within the ROBSIM program modules
by a call to the subroutine LBR_HLP. This module is included in the object
library HELP DIR:QESTLIB.OLB along with the other routines needed for the help
utility. Table B-III summarizes the main files employed by the help utility.

1 POSTDRVR
THIS MODULE IS EXECUTED BY THE POST PROCESSOR

2 PARAMETERS
Qualifiers:

/ IMODE
3 /IMODE
TYPE DIM DEFINITION
I*4 1 Select flag for mode of operation
= 1, Replay simulation graphic motion
only
= 2, Replay simulation versus hardware
motion
= 3, Parameter versus parameter plots
= 4, Return to ROBSIM executive
2 FUNCTION

The result of executing option 1, is to call subroutine
SIMOTION which provides a replay of the robotic system motion
produced from a simulation run. Option 2 provides a
comparison of motion resultant from direct hardware theta value
read and motion resultant from simulation execution, through
subroutine HDWMOTIN.

If option 3 is selected, subroutine ROBPLT is called to
provide parameter versus parameter plots of any of the
data computed and written to a plot file during the
Requirements Analysis Tools Function.

Option 4 returns execution to the primary ROBSIM level.

Figure B-6. - Listing of help documentation extracted from POSTDRVR.

TABLE B-II1I. - FILES USED FOR INTERACTIVE HELP UTILITY

MAINHLP.COM Executive command file for extracting help
library documentation from FORTRAN code
MAINHLP.DOC Names of FORTRAN modules containing help information

MODULENAME .HLP Temporary file of help documentation extracted
from routine MODULENAME.FOR

ROBLIB.HLB Data file used for help utility

LIB_HELP.FOR Module containing program which reads ROBLIB.HLB

HELP_MAC.MAR Macro routine used to access help facility
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Hardcopy utility. — The ROBSIM program provides the capability for inter-
active display of the manipulator system on an Evans and Sutherland graphics
workstation during system creation or analysis. In addition, plots of this dis-
play can be generated on a hardcopy plotter for future reference. Generation
of the hardcopy plot entails three steps: (1) creation during program execution
of a picture file, (2) conversion of this file into a graphics meta-file, and
(3) translation of this meta-file into a display or plot.

The first step is initiated by a call to the routine HARD_COP at the
points in the program where a hardcopy of the E&S display may be desired. If
the user selects to keep a hardcopy of the current display, a picture file
named by the user is created. The routines for this procedure are in object
libraries HCPIC.OLB and HCMFL.OLB in directory HARDCOPY DIR: and are linked
with the ROBSIM executable images (Fig. B-4). Program ‘execution continues
after the meta-file is completed.

After the ROBSIM run terminates, the user can activate programs that
convert the picture files into meta-files by executing HCMFL.EXE. The re-
sulting picture file can be translated into a display on the video-terminal or
hardcopy plotter using DI3000 software. The images VIMETTRNS.EXE and
HPMETTRNS.EXE in device-directory METTRNS_DIR: perform this translation.

Activating these images is made easier by assignments in the log=in command
file:

HCMFL = RUN HARDCOPY_ DIR:HCMFL.EXE
HPMETTRNS := RUN DI3000_DIR:HPMETTRNS.EXE
VTMETTRNS := RUN DI3000_DIR:VTMETTRNS.EXE

The user need only type the keyword to start execution of these programs.

File "type" conventions. — The different types of files used in creating
the ROBSIM program are designated by individual file-type suffixes in their
file specifications. It is recommended that the programmer and user maintain
these conventions in the files they create. Table B-IV lists the suggested
type specifications.
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TABLE B-IV.- FILENAME CONVENTIONS USED IN ROBSIM

APPENDAGE
FOR FILENAME

DEFINITION

+ARM ARM GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
«SYS SYSTEM GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
.LOD LOAD GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
+ENV ENVIRONMENT GEOMETRY FILE CREATED
DURING SYSTEM DEFINITION
.0BS OBSTACLE FILE (NONPLANAR- X,Y,Z COORDINATES)
READ FOR DETAILED GEOMETRY INPUT
<ACT ACTUATOR DEFINITION INPUT FILE
READ BY MODULE ACTUATOR DURING
SYSTEM DEFINITION
.CON RESPONSE ANALYSIS CONTROL OPTIONS
INPUT FILE READ BY CONTRL MODULE
«THT HARDWARE THETA ANGLE INPUT FILE
CREATED FROM HARDWARE CONVERSION
ROUTINE, AND INPUT DURING POST PROCESSING
VLT HARDWARE VOLTAGE CONTROL SIGNAL INPUT
FILE CREATED FROM HARDWARE CONVERSION
ROUTINE, AND INPUT DURING RESPONSE
ANALYSIS EXECUTION
.THP TIME HISTORY PROFILE FILE CREATED BY
AND INPUT TO REQUIREMENTS ANALYSIS
«DAT REQUIRMENTS OR RESPONSE SIMULATION
OPTIONS INPUT FILES; ALSO SOME OUTPUT FILES
.CMN COMMON BLOCKS INCLUDED THROUGHOUT PROGRAM
.OLB PROGRAM LIBRARY FILES
LIS LISTINGS OF SUBROUTINES IN EACH LIBRARY
.FOR FORTRAN CODE
B-13




TABLE B-IV.- (concl)

.0BJ
+EXE

.COM

.TXT
.DOC
+HLP
+PRT
PLT
AGF

.PIC

«SOF
AVT

.TRQ

.OUT

FORTRAN OBJECT MODULES
ROBSIM PROGRAM AND UTILITIES EXECUTABLES

COMMAND FILES FOR COMPILING, REPLACING
MODULES IN APPROPRIATE LIBRARIES,
LINKING THE DRIVERS, PRINTING ALL
MODULES, AND RUNNING THE PROGRAMS

PARAMETER FILES INCLUDED IN MODULES
THROUGHOUT PROGRAM

DOCUMENTATION FILES

USER HELP FILES GENERATED WITH THE
MNEXTRACT UTILITY IN HELPER DIRECTORY
ACCESSIBLE WITH THE LBR HELP UTILITY

SIMULATION PRINT OUTPUT FILES

PLOT OUTPUT FILES FOR HEWLETT PACKARD
X-Y PLOTTER OR VT125 GRAPHICS TERMINALS

ARM GEOMETRY PRINT OUTPUT FILES CREATED
DURING SYSTEM DEFINITION

PICTURE FILES OF EVANS AND SUTHERLAND
DISPLAYS, GENERATED WITH HARD COP
ROUTINE; MAY BE REPRODUCED ON THE
HEWLETT PACKARD PLOTTER AFTER
CONVERSION TO META-FILE FORMAT

SIMULATION OUTPUT FILE FOR POSi PROCESSING
ACCELERATION-VELOCITY-THETA OUTPUT FILE
TORQUE OUTPUT FILE

ACTUAL HARDWARE OUTPUT FILES FOR

VOLTAGE CONTROL SIGNALS AND CORRESPONDING
THETA ANGLE VALUES
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ORIGIMNAL PrF:T IS
OF POUR QUALITY

{ROBSIM.COM

$SET NOVERIFY -

$SET TERM/NOBROAD .

$COUNT=0

$LOOPS :

$COUNT=COUNT+1

$IF COUNT.GT.l THEN GOTO ASKNEXT

$ASKWICH:

$WRITE SYS$OUTPUT “INPUT (INITDRVR)-= TO RUN ROBSIM SYSTEM
DEFINITION FUNCTION"

$WRITE SYS$OUTPUT " (SIMDRVR) == TO RUN ROBSIM
SIMULATION ANALYSIS
TOOLS FUNCTION"

$WRITE SYS$OUTPUT " (POSTDRVR)-- TO RUN ROBSIM POST
PROCESSOR FUNCTION"

$PROMPT: =WHICH:

$READ/PROMPT=""''PROMPT'" SYS$COMMAND WHICH

$IF WHICH.EQS."SIMDRVR" THEN GOTO SIM

$IF WHICH.EQS."POSTDRVR" THEN GOTO POST

$INIT:

$ASSIGN TT SYS$INPUT

$ASSIGN TT SYS$OUTPUT

$RUN SYS$SYSDEVICE: [ROBSIM.MARK] INITDRVR

$DEASSIGN SYS$INPUT

$DEASSIGN SYS$OUTPUT

$INQUIRI:

$PROMPT: =INPUT (Y) TO RUN SYSTEM DEFINITION FUNCTION AGAIN, -
(OTHERWISE, RETURN)

$READ/PROMPT='"""' '"PROMPT'" SYS$COMMAND WHICH

$IF WHICH.EQS."Y" THEN GOTO INIT

$GOTO LOOPS

$SIM:

$ASSIGN TT SYS$SINPUT

$ASSIGN TT SYS$OUTPUT

$RUN SYS$SYSDEVICE: [ROBSIM.MARK]SIMDRVR

$DEASSIGN SYS$INPUT

$DEASSIGN SYS$OUTPUT

$INQUIRS:

$PROMPT: =INPUT (Y) TO RUN SIMULATION ANALYSIS TOOLS -
FUNCTION AGAIN, (OTHERWISE, RETURN)

$READ/PROMPT="""'PROMPT'" SYS$COMMAND WHICH

$IF WHICH.EQS."Y" THEN GOTO SIM

$GOTO LOOPS

$POST:

$WRITE SYS$OUTPUT "DO YOU WISH (1) TERMINAL OR

(2) HARDCOPY PLOTTING?"
" $PROMPT:=  ENTER INTEGER:

$READ/PROMPT=""''PROMPT '" SYSSCOMMAND WHICH

$ASSIGN TT SYS$INPUT

$ASSIGN TT SYS$OUTPUT .

$1F WHICH.EQS."1" THEN RUN SYS$SYSDEVICE: ROBSIM.MARK]POSTDRVT
$IF WHICH.EQS."2" THEN RUN SYS$SYSDEVICE: [ROBSIM.MARK] POSTDRHP
$DEASSIGN SYS$INPUT

$DEASSIGN SYS$OUTPUT

$INQUIRP:

$PROMPT: =INPUT (Y) TO RUN POST PROCESSOR FUNCTION AGAIN, =
(OTHERWISE, RETURN)

$READ/PROMPT=""'PROMPT'" SYS$COMMAND WHICH

$IF WHICH.EQS."Y" THEN GOTO POST

$GOTO LOOPS

$ASKNEXT:

$PROMPT: =INPUT (Q) IF YOU WISH TO EXIT THE PROGRAM

(OTHERWISE, RETURN)

$READ/PROMPT=""'"'PROMPT'" SYSSCOMMAND QUIT

$1F QUIT.EQS."" THEN GOTO ASKWICH

$EXIT T

$STOP

Figure B-2.- The ROBSIM executive command file.
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.

* LNKINIT.COM .

$LINK/EXECUTABLE=INITDRVR  INITDRVR,-
CRLIB/LIB,~-
GEOMLIB/LIB,-
GRAFLIB/LIB,~
SETLIB/LIB,-
EANDSLIB/LIB,~
UTILLIB/LIB,-
MATHLIB/LIB,~
HCPIC/LIB,-
HCMFL/LI1B,~-
DRAO : [MPSGSP ]MPLIB/L,~
SYS$SYSDEVICE: [ ROBSIM.HELPER]QESTLIB/LIB

LNKSIM.COM

$LINK/EXECUTABLE=SIMDRVR  SIMDRVR,-
SIMLIB/LIB,~
CNTLLIB/LIB,-
REQLIB/LIB,-
EANDSLIB/LIB,-
UTILLIB/LIB,~-
SETLIB/LIB,-
MATHLIB/LIB,-
HCPIC/LIB,-
HCMFL/LIB,-
DRAO: [MPSGSP JMPLIB/L,~
SYS$SYSDEVICE: {[ROBSIM.HELPER]QESTLIB/LIB

LNKPOSTVT.COM

$LINK/EXECUTABLE=POSTDRVT  POSTDRVR,-
POSTLIB/LIB,-
SETLIB/LIB,-
UTILLIB/LIB,-
MATHLIB/LIB,-
EANDSLIB/LIB,=-
HCPIC/LIB,~-
HCMFL/LIB, -
DRAO: [MPSGSP JMPLIB/L,~
$YS GR:DILIB/LIB/INCLUDE=(Q3ITOA,Q3ATOL),~-
METGEN/LIB,~
SSL1B/LIB,SYS GR:vtl125ddr/LIB,-
VAXLIB/LIB,-
SYS$SYSDEVICE: [ROBSIM.HELPER JQESTLIB/LIB

LNKPOSTHP .COM

$LINK/EXECUTABLE=PUSTDRHP  POSTDRVR,-
POSTLIB/LIB,~
SETLIB/LIB,-
UTILLIB/LIB,-
MATHLIB/LIB,-
EANDSLIB/LIB,-
HCPIC/LIB,~
HCMFL/LIB,~
DRAQ: [MPSGSP JMPLIB/L,-
SYS GR:DILIB/LIB/INCLUDE=(Q3ITOA,Q3ATOIL),~
METGEN/LIB,~
SSLIB/LIB,SYS GR:HP7DDR/LIB,-
VAXLIB/LIB,-
SYS$SYSDEVICE: [ROBSIM.HELPER]JQESTLIB/LIB

Figure B-4.- ROBSIM linker command files.
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TABLE B-V. - PROGRAMS EMPLOYED IN INITDRVR
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INITDRVR 1.3.1 GRINIT 1.4.1 CVTUNIT
1.3.2 SPAN 1.4.2  MATMPY

SETLU 1.3.3 BASE 1.4.3 ERRMSG

LBR HELP 1.3.4  OBJECT l.4.4 ROTMAT

BLDARM 1.3.5 GRAPH 1.4.5 CETM

BLDENV 1.3.6 DIALS 1.4.6 LOGO

BLDLOD 1.3.7 JOINT 1.4.7 CRPD

BLDSYS 1.3.8 ACTUATOR
1.3.9 LINK

ZERCOM 1.3.10 DEFSPJT

DEFUNIT 1.3.11 TOOLJT

CREATARM 1.3.12 TOOLLK

RDARM 1.3.13 TOTMAS

BLDDAT 1.3.14 ADDMAS

WRTARM 1.3.15 ADDMAS2

ENVIR 1.3.16 RCICR

RDENVS 1.3.17 GRTERM

RDARMS 1.3.18 BASPUT

BASES 1.3.19 JACOB

SETUP 1.3.20 DATOUT

SETUP2 1.3.21 FORM

HARD COP 1.3.22 CYL

SYSGRAF 1.3.23 RECT

RDLODS 1.3.24 TRISTR

LOCMOD 1.3.25 DATATAB

WRTSYS 1.3.26 FILLET

RDENV 1.3.27 OBSTCL

DRWENV 1.3.28 ORIENT

WRTENV 1.3.29 MAT

RDLOAD 1.3.30 MATVEC

LOAD 1.3.31 DRAW

TLDMAS 1.3.32 ESMAT

DRWLOD 1.3.33 DBAS

WRTLOD
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1.0 INITDRVR

The program INITDRVR is the system definition function driver. It oper-
ates in an interactive mode, prompting the user for the system defini-
tion option desired--create or modify an arm data file, create or modify
a detailed environment file, create or modify a load objects file,
create a system data file, or terminate INITDRVR execution. Subroutine
SETLU is called to set the Fortran logical units. The necessary simple
cylinder or detailed single arm file must exist prior to building a
system.

PROGRRM INITDORVR
SET PROCESSUOR MODE = 1. FOR SYSTEM DEFINITION
SET ERROR CODE = O
CALL SETLU TO SET PROGRAM DEFAULT LOGICAL UNIT NUMBERS

PROMPT USER FOR OPERATION MODE. IMODE
READ USER RESPONSE
N IMODE = 911 ‘
o DO CASE ON OPERARTION MODE
=
. DOCARSE
U
=R
S g
L. [N -] (W] (-
- O — = oV = = <
= =) = o) =
o= = = n = = n
:‘:m — ] P —
= = ES 2ok o Ee | TwE L
= §£2-—:: E=25asg EEEE-ZS aESs bwl o= o
= Sw¥: | ZwE3F Zw=EZ | ZEZ3 | D=2 S
T =g -5 = - e —
=] Z2ES |Z2ERE | #28e | =228~ |E & O
< CEEE |S=8 & £ S== =
DO UNTIL OPERATION MODE DESIRED IS TO TERMINATE INITORVR EXECUTION
sSTOP
END
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1.1-1

SETLU

SETLU is called from the various executive drivers to set the Fortran
logical unit number to be stored in COMMON block LUNITBK for reference
by the rest of the ROBSIM program. After assigning the variables to
consecutive unit numbers, the "unit open" flags are reset to indicate
the units are not open (except the terminal read and write units).

SUBROUTINE SETLU

ASSIGN LUl THRU LUZ20 SUCCESSIVE
LOGTICAHAL NUMBERS STARTING WITH S
rLul=s., ...

SET FLAGS FOR LUl AND Lu2
INDODICARTING UNITS OPEN

RESET FLAGS FOR REMRINING UNITS
INDICARTING UNITS NOT OCPENED

DISPLAY LOGICRL ASSIGNMENTS TO
USER AND PROMPT FOR FLAG TO
CONTINUE
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1.1.2 LBR_HELP
Subroutine LBR_HELP is called to execute the help utility during a

ROBSIM run. It uses the object file created from the macro HELPMAC.MAR ‘
and runs the system help utilities as required.

(VCLR for LBR_HELP not available.)
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l.1.3 BLDARM

BLDARM is met when a selection of 1, to create or modify an arm data
file, is entered from INITDRVR. The user choices for mode of operation
are (1) create a simple cylinder arm data file, (2) modify existing arm
data file, (3) enter detailed graphics data for arm (a simple cylinder
file must already exist), or (4) terminate arm definition and return to
the INITDRVR. For initial creation, option (1), subroutine ZERCOM is
called to zero the COMMON locations and then CREATARM is called to build
the new data file. For modification, RDARM and CREATARM are called when
option (2) is requested. BLDDAT is responsible for the invention of de-
tailed arm geometry. In all cases, WRTARM will be called to write the
arm data COMMON information.

SUBROUTINE BLDRARM

SET PROCESSOR MODE = 1. FOR SYSTEM DEFINITI.ON
PROMPT USER FOR OPERATION MODE. IMODE
READ USER RESPONSE
DOCRSE
IMODRDE .LE. 3 TMOOR = 4
DoCcAsE
IMODE .LE. 2 IMODE = =
DOCRSE =
= w L
IMODE = 1 |IMODE = 2 == <5 S
CALL ZERCOM 70 ES s &
ZERC FILL Sees ReorMaTe "= s
COMMON RRERAS "ILE TO B —_ = == L
CALL OEFUNIT MODIFIED — S S =
TO DEFINE I/C = T =T —_— D
MATH UNITS R = © — = (==
ROUTINE TO CREAT mooTrY BxTeTine - ] = 3 =
NEL AR DATR FILE AR PR = = = 0= o=
el = (|
PROMPT USER FOR DEFINITION MODE TO S Y=
INCLUDE DETAILED GEOMETRY 2ER o
USER INCLUDING E w2 =
T DETARAILED GEOMETRY F ; % = =
CALL BLDDAT TO OEFINE - g
oIS PR (NUL-L.) =
CALL WRTARM TO SAVE ARM DATA IN USER SPECIFIED
FILENAME
RETURN
END
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1.1.4 BLDENV ,
The user has the capability with routine BLDENV to specify a detailed
physlca} representatlon.for the robotic environment. Components for
the environment are defined as basic geometric shapes (cylinders, cones,
rectangular solids, symmetric or nonsymmetric trapezoidal figures, tri-

angylﬁr cross—sectional beams, fillet components, data tablet~defined
entities and obstacles.

SUBROUTINE BLDENV

SET PROCESOOR MODE = 1. FOR OYSTEM OEFINTITION

DOCARSE
MMMIMIWIWIWMI&M
- 1 -2 - - | =S - - - 8 - 9
%%@MWWI@*WE&%

CALL ORIENT TO SPECIFY COMPONENT POS. RAND OR.
IN WORLD COORDS.

SET IFLAG BARASED ON TCHNG INPUT FLRARG

DO WHILE CONTROL DIALS RCTIVARTED

CALL DRWENY WITH IFLRG TO DRRARW NEW OR
REPLACE EXISTING COMPONENT

IFLAG = 2
CALL PGGET TO STATUS CONTROL DIALS EVENT
QUEUE

PROMPT FOR ICHNG FLAG

mmmmwmrwm - 22

mmwmwmvmwam

mmmmwmmw
A

.
““ﬂmv.g_o.ﬂmm
ETUAN

ORIGINEL BT o

[ R

OF POOR QUALITY
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1.1.5

BLDLOD

Through routine BLDLOD, the user has the capability to specify a de-
tailed physical representation for the robotic load objects to be used.
Components for the load objects are defined as basic geometric shapes
(cylinders, cones, rectangular solids, symmetric or nonsymmetric trape-
zoidal figures, triangular cross-sectional beams, fillet components,
data tablet-defined entities, and obstacles). This subroutine creates
a new file, or modifies an existing file of load objects, and includes
the capability to specify the detail at the first creation session for
the load objects.

SUBROUTINE BLDLOD

g&g% g

SET ZEFT_FME BASED ON ICHNG INPUT FLAG
DO WHILE CIDPJTT?CH_ EJIJ?L.ES RCTIVARTED

CTALL DMLLOD WITH IMLAG TO DRAW NEW OR REPLACE EXISTING COMPONENT

|
% IFLAG >

CALL PQRGET TO STATUS CONTROL DIALS EVENT QUEUE
PROMPT FOR TICHNG FLAG

— e
! 00 UNTIL TOMNE COWINER CUAREINT COMPONENT FLAs. = &

I OALL OIS 1D ADD OUFMRENTY CERFUNENT TO ONTH GRS
OO _UNTI. USER TIFOCOOTTES COMEONMENT CEFINTTION FOR_ LOAG

oLy
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1.1.6 BLDSYS

BLDSYS reads individual arm data files into system COMMON blocks, modi-
fies the base locations if desired, sets up the environment and load ob-
jects, and then stores the system file.

SUBROUTINE BLDOSYS

SET PROCESSOR MOODE = 1, FOR SYSTEM DEFINITION
BRET ERROR CODE = O
PROMPT FOR USER OISFLAY VIMA GAAP-HICS OURTNG SYSTEM DEFINITION
READ USER RESPONSE FLAG. IGRRAF
CRLL ENVIR FOR USER INPUT OF BENVIRONMENT SET PROPERTIES
PROMPT USER FOR QEFINITION MODE TO INCLLOE DETAILED GEOMETRY
READ USER RAESPONSE FLAG. IDE

x INCLUDING DETRILED GECOMETRY N A
oL, AEVe TO MERD omTa Dvvo moce | INULL)
5 GRAPIHICS OESIAED =
CALL SYSGRAF TO ORI ENVIMRONMENT l INLLLL)
PROMET FOR NUMBER OF MOSOTIC AMmMS TN SYSTEM. NARM
KARM = O

DO WHILE KARM . LT. NARM

;l22£J!25=5Eﬁiffzzigg;;;;ﬁ?==z=;;;=. = INUL L]
e o T A s e S 5 AT

OO LTI CHONENE_CLOUEReT oW LO0. D G Mowe - o
PROMPT USER FOR DEFINITION MODE TO INCLUDE LOAD OBJECTS
READ USER RESPONSE FLAG. ITL

INCLUDING LORD FILE s
CRLI_ ROLOOS TO RERD LOAD OBJUECTS DRATA INTOD SYSTEM COMMON BLOCKS
K = O
DO WHILE K .LT. NLORD —
K - K <+ 1 —
GRAPHICS DESIRED Z 5’
DO WHILE CONTROL DIALS ACTIVATED =
CRLL SYSGRAF TO DORAI CURRENT LOAD (NUL L) hand
CALL PQGET TC STATUS CONTROL DIAL.S EVENT QUELE
0O UNTTIL CHRNGE CURRENT LORD LOC. AND OR. FLAG. = 1

GRS CERIED re
i Sl SYSGRAF TO TEAMINATE GAMNS-ICS MNALD
[ CALl. WATSYS TO WRITE AOBOTIC SYSTEM FILE IN USER SPECIFIFED FILENMME
EETURNN
END

URIGINAL PAGE i8S
OF POOR QUALITY
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1.2.1 ZERCOM

Subroutine ZERCOM is called from BLDARM to initialize the arm data
COMMON blocks prior to creating a new arm. The COMMON blocks initial-
ized to zero include:

1) BLDGBK - geometric properties;
2) BLDMBK - mass properties;

3) GRAFBK - graphics data.,

SUBROUTINE ZERCOM

ZERO VARIABLES IN GEGOMETRIC
PROPERTIES COMMON BLOCK BLDGBK

DO UNTIL N = NUMBER OF LINKS IN
CURRENT RRM

ZERO VARIABLES IN MASS
PROPERTIES COMMON BLOCK BLDOMBK

DO UNTIL N = NUMBER OF LINKS IN
CURRENT ARM

ZERO VARIABLES IN GRAPHICS COMMON
BLOCK GRAFBK

RETURN

END
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1.2.2

DEFUNIT

Subroutine DEFUNIT is called during system definition to set up input
and output units specified by the user. If these I/0 units are not met-
ric, the routine establishes conversion factors between the I/0 units
and internal (metric) units. The conversion factors are stored in vari-
able CONUNIT, and LISUNIT contains a character string listing the I/0
units employed.

SUBROUTINE DEFUNIT

PROMPT FOR DESTRED IT0 UNITS
(IMETRIC OR ENGLISH]

UNITS RARE METRIC

DEFINE ENGL.ISH TQ
METRIC CONVERSIONS

DISPLAY ENGLISH UNITS
FOR VARIABLES

DISPLAY
METRIC UNITS
FOR VARIABLES

RETURN

END
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1.2.3 CREATARM

Subroutine CREATARM is called within the system definition functiom to
provide control of the creation or modification modes for the simple

cylinder arm data file.

The basic routines called for either option are

SPAN (define arm span), BASE (define base properties), JOINT (define

joint), ACTUATOR (optionmal,

to define motor properties), LINK (define
link properties), DEFSPJT (optional, to define special joints),

TOOLJT

(define tool-joint properties) and TOOLLK (define tool~link properties).

Graphics may be requested during CREATARM.

SUBRCUTINE CREATARM

PRACMPT FOR USIFR DISPLAY VIA GRAPHICS OURING SYSTEM OEFINITION

v MOOIFYING EXISTING OATR AND SAARLICSE PLAG ST

Ol TN FUR SR ST+ TOGL. TO DETDLIER AW SEMDUITION SIS

CRLL SN TO DHEFINKE ARM SPAN OR RRRCH
T GAL SIS TO CUIFDE EE .05, » PTENT. . GRS MDD NIGER RoBs

| INULL]

OO0 UNTIL USER TERMINATES m‘ MODIPFICRATION

I =T -1

I = I + 1

SBET NJe TOTAL NUMBER OF JOINTS PRARAMETER

OO WHILE I .LE. MAXIMUM NUMBER OF LINKS ALLOWNED (10)

CALL. JOINT TO DEFINE JT. I-1 TYPE, ..OC.. ORIENT. . INITIR. VRRIABL.E

CALL. ACTUATOR TO SPECTIFY JT. I-1 ACTURTOR EXISTRANCE/ TERS

CRLL LINK TO SPECIFY LINK I-1 CG. MASS, RADOIUS, NUM SIDES, INERTIR

CALL OBJECT TO DEFINE SIMPLE CYLINDER REPRESENTATION FOR LINK

GRAPHICS MLAG IS SET

00 LHILE SONTROL ODALS ACTIVATED ~OR m v_:adxuo
CALL GRAPH TC DRAW CURRENT LINK

INULLY)

PROMPT USER FOR_MODIF ICHTION OF JOINT/LINK FLAG

SET MOD PLAG IF USEA MOODIFvING JOINT A IN< T

i

OO0 UNTIL USER TERMINATES JOINT/LINK MODIMICATIONS

00 UNTIL USER TERMINATES JOINT/LINK INPUT

CALL ODEFSPUT IF SPECIAL JOINTS EXIST

CALL TOCLJT TO DEFINE TOOL TYPE, LDG. . ORIENT. « INITIAL VARIABLE

CRLL TOOLLK TO SPECIMY TOOL TG, MASS, RAOTIUS, NUM SIDES, INERTIA

LT m I + 1

CRLL OBUECT TO OEFINE STIMPLE CYLINOER REPRESENTATION OR TBOL

Py GRAPHICE FLAG IS SET

OC WHILE CONTROL OIALS ACTIVATED FOR
CALL GRAPH TO DRAW TOOL

TIVE VIELING [

INUL LD

PROMPT USER PFOR MODIFICATION OF TOOL FLAG

SET MOD FLAG IF USER MODIFYING TCOL

OO0 UNTIL USER TERMINATES TOOL MODIFICATION

00 UNTIL USER TERMINATES C
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1.2.4 RDARM

data file the data describing a single arm. Routines called by BLDARM
can then modify the data. The user is prompted for the name of the arm
data file to be modified. The following data are read from it:

Subroutine RDARM is called from BLDARM to read from an unformatted arm ‘

1) Input/output units;

2) Geometric properties;

3) Mass properties; .

4) Graphics data;

5) Actuator data;

6) Information on special joints.

The user has the option of saving or deleting the old data file.

SUBROUTINE RDARM
PROMPT FOR NAME OF ARM DRTAR FILE

OPEN ARM DARTA FILE
RERD INPUT/0UTPUT UNITS DRATH
READ GEOMETRIC PROPERTIES DRTH
READ MASS PROPERTIES DATAH
RERD GRAPHICS DRATAH
RERD RCTUARTOR DARTA
READ SPECIRL JOINT DATAH
DISPLAY MESSAGE THART ALL DARTA HAS BEEN REARD

> SAVE ARM DATA FILE Z
L = A DELETE ARM
== 5 DELETE FILE CLOSE AND
o SAVE FILE
RE TURN
END
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1.2.5 BLDDAT

Subroutine BLDDAT provides the user the capability to specify a more
detailed physical representation for the links of the robotic arm.
Components of the robotic arm system are defined by combinations of
geometric primitives. A number of detailed components can be included
for the base, each link extension and the tool definitions. The compo-
nents are simple three-dimensional shapes: the cylinder, cone, rectangu-
lar solid, symmetric trapezoid, nonsymmetric trapezoid, triangular beam,
data tablet structure, fillet component, or nonplanar entity. Unique
subroutines are called to handle loading the graphics object data for

the shapes chosen to represent a detailed arm. Additional shapes can
be added as required.

SUBROUTINE BLDDART

T - SET PROCESSOR MODE = 1, FOR SYSTEM DEFDMITION
CALL ARINET TO TNITIALIRE GRAAPHICS OEVICE T
T T T T sT TG = 1 N = --_._‘
T T CRALL DRmu TO _INITIMCEE CETAZILED GEOMETWY GRAGHICS
M = O
CC WHILE M LY. NJ + 2 - - B - -
R M= M- 1 j — T
—_ e ——— - R e J— SO
- NG = NG + 1 ’ e
T ICHNG FLAG = O T T T
T TPROMPT _USER_FOM COMPONENT TTPE. ISHAPE T i
DOCASE
e
' TR = 4 |Thewx =2 |TH-APE = S IRerR = [ZHAPE =8 [INPR = 8 (IDOPE ~ 7 ITHAPE > ¢ (INIEN -~ @ -
— RTINS S PR
B = % Se3' B [ 1] -
| Ef S E lmeswm gzg EEE g E i!E =
. d =28~ 5| § d =
! CRL.L ORIENT TO SPECIFY COMPONEIZIT POS. ’ AND OR- IN LINK 1
| COORDS. :
SET IFLAG BASED CN ICHNG IINPUT FI_FHS
{E]CJ WHILLE CONTROL E]]:Fqus FQC:T"T\/FQW':JD
:anL DRAW WITH IFLAG TC ORAW NEW OR REPLRACE ’
: EXISTING COMPONENT
— )
g IF" = 2
CF?L.L.. PAGET TO STARATUS CONTROL DIALS EVENT QUEUE
FPFROMPT FOCR :EC:F%N&B FLARG :
DO UNTIL TiHNGe CHANGE CURRENT COMPONENT FLAG. = 2 ) _A__':____._________j
DG UNTIL USER TERMINATES COMPOMNENT CEFINITION FOR LINK -
CALL OBAS TGO ADD_GURRENT COMPONENT TC DATA BRSE - 1
A LT o i Yo reeaene v owveos T T T T T T T ]
. - -

ORIGNAL procr o
OF PC_, .
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1.2.6 WRTARM

Subroutine WRTARM is called from BLDARM to save, in a user-specified '
file, the data generated when creating or modifying an arm description.
The user is prompted for the name of this file and is also given the op-

tion of storing a formatted file containing the arm description for
later printing.

SUBROUTINE WRTARM

PROMPT FOR NAME OF FILE TO WRITE ARM DATAR TO

OPEN FILE

T WRITE FORMATTED ARM GEOMETRY FILE FOR PRINTING

PROMPT FOR NAME OF ARM GEOMETRY PRINTOUT FILE

OPEN FILE

WRITE ARM GEOMETRY DESCRIPTION TO FILE

(NULL)

CLOSE AND SAVE FILE

WRITE INPUT/0UTPUT UNITS DRATAR TO FILE

WRITE ARM GEOMETRY DRTA

WRITE RRM MASS PROPERTIES

WRITE RRM GRAPHICS DRTAH

WRITE ARACTURTOR DRTAR

WRITE SPECIAL JOINT DARTR

DISPLAY MESSAGE THRAT FILE WAS WRITTEN

CLOSE AND SAVE FILE

RETURN

END
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1.2.7

ENVIR

Subroutine ENVIR interactively establishes the basic properties of the
system environment during system definition. This includes the input/
output units, the gravity vector and the system span.

SUBROUTINE ENVIR

PROMPT USER FOR GRAVITY FLAG. STANDRRD
OR INPUT VALUE

REARD USER RESPUONSE

USER REQUESTED STANDARRD
T . GRAVITY

PROMPT USER FOR INPUT ACCELERARTION
DUE TO GRAVITY IN DEFRULT UNITS

RERD USER INPUT GRAVITY VECTOR INTO
GRAV PRRAMETER

SET GRAY VECTOR

= (0.0,9.607,0.0

CARLL CVTUNIT GRAV TO CONVERT
TO INTERNAL MATH UNITS

PROMPT USER FOR SYSTEM SPAN IN
DEFARULT UNITS

RERD USER INPUT INTO SYSSPN
PRARAMETER

CRLL CVTUNIT TO CONVERT SYSSPN TO
INTERNAL MARTH UNITS

RETURN

END
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1.2.8 RDENVS

The subroutine RDENVS is called from BLDSYS if the user wishes to in-
clude an environment in the system being created. This routine reads
the unformatted environment data file created by the system definition
function for the multiarm system. The user is prompted for the name of
the data file under which the environment data have been stored. The
file is opened and COMMON block ENVIBK loaded from the data file during
system creation. The file is closed and saved.

SUBROUTINE RDENVS

PROMPT FOR NAME OF FILE CONTARINING
ENVIRONMENT DRTA

OPEN ENVIRONMENT DRTAR FILE

READ INPUT/0UTPUT UNITS DRTAH

READ GRAPHICS DRTA FOR ERCH
COMPONENT

DO UNTIL N = NUMBER OF COMPONENTS
IN ENVIRONMENT

CLOSE FILE AND SARVE

OISPLAY MESSRARGE THART FILE HAS BEEN
READ AND SAVED

RETURN

END
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1.2.9

RDARMS

Routine RDARMS is called during the total robotic system creation for
each of the arms desired for inclusion in the system setup. The sub-
routine RDARMS reads the unformatted data file created by the system
definition function containing any one arm file. The user is prompted
for the name of the data file under which the arm data have been stored.
The file is opened and read into the following COMMON blocks: GEOMBK,

AMASBK, IOBJBK, TOOLBK, FORCBK, MOTORBK and SPJTBK.

SUBROUTINE RDARMS

SET PROCESSSOR MODE = 1., FOR SYSTEM DEFINITION

PROMPT USER FOR FILENAME OF SINGLE ARM FILE TO RERD

OPEN ARM DRTAR FILE

STORE SYSTEM UNITS IN TEMPORARY ARRAYS

REARD UNITS COMMON BILOCK INTO SYSTEM COMMON

RERD GECOMETRY COMMON SLOCK FOR BASE., JTS., AND TOOL INTO SYSTEM
COMMON

RERDC MASS PROPERTIES COMMON BLOCK FOR BRSE. JTS. AND TOOL INTO
SYSTEM COMMON

CONVERT PROPERTIES TO INTERNAL UNITS FOR SLIDING ANO ROTRTING
JTS.

PUT TOOL MRASS PROPERTIES INTO SYSTEM TOOL COMMON BLOCK

RERD GRAPHICS DATA COMMON BLOCK INTO SYSTEM COMMON

CONVERT RRM SPAN TO INTERNAL UNITS

SCALE GRAPHICS OBJECT DATA BY ((ARM SPAN / SYSTEM SPAN)

RERD ARACTUATOR DATA COMMON BL.OCK INTO SYSTEM COMMON

CONVERT ACTURTOR DBARTAR TO INTERNAL UNITS

RERD SPECIAL. JOINT DATR COMMON BLOCK INTO SYSTEM COMMON

CLOSE SINGLE RRM DRTA FILE

REWRITE SYSTEM UNITS INTO SYSTEM UNITS COMMON BLOCK

RETURN

END
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1.2.10 BASES

BASES modifies the base location or orientation when including an arm
in a system; it is called from BLDSYS. ‘

SUBROUTINE BARASES
SET MODE FLAG = 1
WRITE CURRENT BASE LOCATION VALUE TO TERMINAL
PROMPT FOR BARSE LOCATION MODIFICRTION FLAG
T INPUT MODIFY FLAG = 2 4

PROMPT FOR NEW % Y, 2 LOCATION OF BASE IN WORLD COORDS (NU‘-L—.]
RERD X. Y. B LLOCATION OF BASE INTO RAJTLOC PRARAMETER

WRITE CURRENT BASE ORIENTION VALUE TO TERMINAL

PROMPT FOR BRSE ORIENTARTION MODIFICRTION FLAG

3 INPUT MODIFY FLRG = 2 -
I = O
DO WHILE T .LT. 3
I = I + 1

PROMPT FOR I TH ROTATION SEQUENCE AXIS OF ROTATION

READ ROTATION SEQUENCE AXIS OF ROTATION INTO IROT (1)

PROMPT FOR I TH ROTATION ANGLE

RAEAD ROTATION ANGLE INTO AJTANG FOR I TH SEQUENCE NUMBER

PROMPT FOR USER INPUT TERMINRTION

DO UNTIL USER TERMINRTES ROTATION SEQUENCE INPUT
SET JUNTSEG MATRIX ELEMENT BASED UPON TIROT MATRIX ELEMENTS
LORD TEMP MATRIX WITH CURRENT ORIENTATION MATRIX
CALL ROTMAT TO COMPUTE ROTATION MATRIX. TEMP1
CONCRTENATE NEW ROT MATRIX (TEMP1) WITH CURRENT ROT MATRIX (TEMP)
LORD ROTATION MRTRIX. OR. WITH RESULTING TRANSFORMED MRTRIX
RETURN
END

(NULL)

ORIGINAL PAGE 1§
OF POOR QUALITY
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1.2.11 SETUP

Subroutine SETUP calls SETUP2 for each arm in the manipulator system to
calculate the positions of all arm components in terms of world coordi-
nates.

SUBROUTINE SETUPRP

CALL SETUPZ2 TO CARALCULATE ALL
POSITIONS IN WORLD COORDINARTES

DO UNTIL KARM = NUMBER OF ARMS IN
THE SYSTEM

RETURN

END
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1.2.12 SETUPZ

SETUP2 works every increment. It calculates the positions of all links
(including base, tool, and any held loads) and transforms link and cen-

troid vectors to world coordinates. The recursive positioning method .
described in the main text is used. Finally, subroutine JACOB is called

to compute the Jacobian for the current positionm.

SUBROUTINE SETUPZ2

CALL BASPUT TO LOARD BASE LOC. AND ORIENTATION INTO PROPER
VARIABLES

CALL MATMPY TO FIND JOINT N TO JOINT N+1 VECTOR
(HIJ

CALL MATMPY TO FIND JOINT N TO LINK N C.G.
VECTOR (HCG)

N .LT. NUMBER OF JOINTS +1 ((NOT AT END

T EFFECTOR) F
T JOINT IS HINGE OR SWIVEL -
CALL CETM AND MATMPY TO FOR SLIDING JOINT SET

GET JOINT N TGO N—1
TRANS. MATRIX (R RJL = DATA IN ARRAY OR

CRLL MATMPY TO GET JOINT N TO
WORLD TRANSFORMATION MRARTRIX

UPDATE HIJ FOR SLIDING JOINTS

UPDATE POSITION VARIABLE POS

DO UNTIL N = NUMBER OF JOINTS + 1

CALL MARTMPY TO GET HCG FOR END EFFECTOR
CALL MATMPY TO FIND LOCATION OF END EFF. REF. PT. IN WORLD COOR.

T ARM IS HOLDING A LORD OBJECT 4
UPDATE LOCATION OF HELD LOARAD OBJECT CNUL L)
CALL MATMPY TO UPDATE ORIENTATION OF HELD LOAD

CRLL JRCOB TO CALCULRATE THE JARCOBIAN
RETURN
END

(NULL)
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1.2.13 HARD_COP

Subroutine HARD COP is executed when a hardcopy record of the current
Evans and Sutherland display may be desired. This routine queries the
user to determine if a hardcopy is desired and runs the appropriate rou-—

tines to create a picture file for later translation into a hardcopy
plot.

(VCLR for HARD COP is not available.)
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1.2.14 SYSGRAF

Subroutine SYSGRAF provides the system definition graphics capability

in the system definition function. SYSGRAF displays the environment,

load and robotic arm choices for building a robotic system scenario.

‘ It takes as input through the calling sequence, the number of arms in
the system, a flag indicating the existence of an environment file for
the system and a load objects file inclusion indicator. It uses the
system span input by the user to scale the graphics picture. IFLAG con-
trols the logical flow in the subroutine. If IFLAG=l, the graphics sys-—
tem is initialized and displayed in the initial condition; if IFLAG =2,
the robotic system, loads and environment are displayed; if IFLAG=3, the
graphics display is terminated. In the update mode, the environment is
constant and therefore not updated. As before, the Evans and Sutherland
graphics routines are used to provide all graphic capabilities.

SUBROUTINE SYSGRAF

I - SET PROCESSOR MODE = 1. FOR SYSTEM DEFINITION
H SET SCALE FACTOR. XIFACT = 1000. /SYSTHEM SPAN
LT NOT INITIALIEING GRAPHICS OISPLAY
1 ML CTM.S T TRTUS MNALOG CONT [ ]
T T T e T INTEREn T -r:-:-m ] wmr; Dty 1] JL (INUL L)
DO FOR EACH ARM IN SYSTEM
S INITIALIZING DISPLAY AND ORAWING FIRST ARM -
‘ﬁ ML MITNEY TG INITILIEE GRS
OTeM.AY WINDOY SN = SCALED SYSTEM SWaN
- UPDRTING OISPLRAY = !
; FOR FIRST ARM., CALL DATOUT TO OUTPUT DISPLAY SET UP ;
3 ENVIRONMENT DATR EXISTS AND DRAWING FIRST ARM
]

SET NUMBER OF COMRONENTS IN ENVIR, s TER '
55 FOm ERCH COMPONENT TN ENVEN. \ i
oM BNV, O, ARy FOR GNAPHICS A )|
O OBOATA TO CTMMLAY ENVIRONMENT 1
T COUNTER FON LAST BNV, OBJECT MWWAY LOCATION e B
LOARD DARTR EXISTS -
DD "FOR EACH LORO IN LOAD OBJECTS FILE I
SET TRANSFORMATION OASED ON LOC. AND ORIENTATION OF L.OAD i
SET NUMBER OF COMPONENTS TN LOAR PARAMETER 1
OO FORm EACH GOMPONENT IN LORMO
LOAD LOAD OBJ. ARKRAY FOR GRAPMICS FLAGS
CALL OSOATA TO OISPLAY LOFO I
SET COUNTER FOR LAST LOAC OBJECT ARRAY LOCATION USED ‘

T~ AT LEARST 1 ROBOTIC ARM EXISTS p
! SET TRANSFORMATION BASED ON Pcé. AND ROT. OF BASE/LINK/TOOL
SET NUMBER OF COMPONENTS IN BARASE/LINK/TOOL PARM
DO FOR EARCH COMPONENT IN BRSE/LINKA/TOOL
LORD SYS ARM 0OBJ. ARRRY FOR GRAPHICS FLAGS i
CALL DO3DATR TO DISPLAY ARM
SET COUNTER FOR LAST BASE/LINK/TOCL O0BJ. RARRAY LOC. USED !
‘DD UNTIL 8SASE. ALL LINKS ANO TOooL HAVE BEEN ORAWN i '
i CLOSE RANO REPLACE SEGMENT

T TEWCIeTIDNE OTIn Ay oy

mm—:wuwmow Jl (NUL L)

(NULL)

(NULL)

U O N ) S

l
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1.2.15 RDLODS

‘ RDLODS reads in load data if the user requests that loads be included
in the robotic system under construction. The file read is the unfor-

matted load file created by the system definition function. Subroutine
RDLODS prompts the user for the name of the file containing load data,
and then reads those data into COMMON blocks LGRAFBK and LOADBK during
system creation. The load file is scaled from load units to internal
system units, closed, and saved.

SUBROUTINE RDLODS

PROMPT FOR NAME OF FILE CONTAINING LORADS
DARTAH

T LORDS DATA FILE EXISTS

OPEN LORDS DARTA FILE

STORE SYSTEM I/0 UNITS IN DUMMY
VARIABLES

READ LORD OBJECTS INPUT/ /0UTPUT UNITS
DATA

RERAD LOARD MASS PROPERTIES DARTA

LORAD OBJECTS I/0 UNITS NOT
T METRIC F

CONVERT LOAD VARIABLES TO
. INTERNAL (METRIC) UNITS INULL)

RERD LOAD OBJUECTS GRAPHICS DATAH

CLOSE ANDO SAVE FILE

RESTORE SYSTEM I /0 UNITS

(NULL)

RETURN

END
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1.2.16 LOCMOD

Subroutine LOCMOD is called from BLDSYS to allow the user to modify the
locations and orientations of load objects when building a system. The
current location is displayed and then the user is prompted for a new
location. The subroutine also displays the transformation matrix for
the current orientation of the load object and prompts the user for a
sequence of rotation axes and angles that define a change in orienta-
tion. ROTMAT is called to calculate the transformation matrix from the

user input, and MATMPY combines this new transformation matrix with the
old one.

SUBROUTINE LOCMOD

OISPLAY CURRENT LOCATION OF LORD
OBJECT

PROMPT USER FOR AND RERD IN NEW
LOAD OBJECT LOCATION

DISPLAY TRANSFORMATION MATRIX FOR
CURRENT ORIENTATION OF LORD OBJECT

T MODIFY ORIENTARTION =

USER INPUT OF A ROTATION
AXIS

USER INPUT OF ROTARTION
' ANGL-E

D0 UNTIL USER STOP FLAG OR 3
ROTARTIONS

CALL ROTMAT TO CRLCULRTE NEW
TRANSFORMATION MATRIX

CALL MATMPY TO COMBINE OLD AND
NEW TRANSFORMATION MATRICES

RETURN

(NULL)

END
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1.2.17 WRTSYS

The subroutine WRTSYS writes the unformatted data file created by the
system definition function containing the contents of pertinent COMMON
blocks defining the robotic system: GEOMBK, AMASBK, IOBJBK, ENVTBK,
LOADBK, TOOLBK, UNITBK, FORCBK, MOTORBK, SPJTBK and LGRAFBL.

SUBROUTINE WRTSYS

SET PROCESSSOR MODE = 1. FOR SYSTEM DEFINITION

PROMPT USER FOR FILENRME OF SYSTEM DRTAR FILE TO WRITE

OPEN SYSTEM DRTA FILE

WRITE UNITS INTO SYSTEM COMMON

KARM., ARM COUNTER. = O

DO WHILE KARM . LT. NARRM (TOTRL NUMBER ARMS)

KARM = KARM + 1

WRITE GEOMETRY PROPERTIES PRRAMETERS FOR KRARM INTO SYSTEM COMMON

LRITE—MQS PROPERTIES PRARAMETERS FOR KRARM INTO SYSTEM COMMON

WRITE ACTUATOR DATA PARAMETERS FOR KARM INTO SYSTEM COMMON

WRITE SPECIAL JOINT DATA PARAMETERS FOR KARM INTO SYSTEM COMMON

WRITE GRAPHICS DATA FOR EACH ARM INTO SYSTEM COMMON

WRITE ENVIRONMENT DRTAR PARAMETERS INTO SYSTEM COMMON

WRITE LORD CBJECTS DATA PFIRRMETERCSO FOR ERACH LORD INTO SYSTEM
MMON

WRITE TOOL DARTA PRRAMETERS FOR EARCH ARM INTO SYSTEM COMMON

WRITE LORD OBJECTS GRAPHICS DATR FOR EACH LORD INTO SYSTEM COMMON

CLOSE SYSTEM DRTHR FILE

RETURN

END
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1.2.18 RDENV

The subroutine RDENV reads an unformatted environment data file during

the system definition function. The content of the file is the perti-
nent COMMON block defining an environment for the robotic system. The

user is prompted for the file name from which the file is to be read.

SUBROUTINE RDENV

PROMPT USER FOR FILENAME OF
ENVIRONMENT FILE TO RERD

OPEN ENVIRONMENT DATA FILE

READ UNITS COMMON BLOCK

REARD ENVIRONMENT GRAPHICS DRTAH
COMMON BLOCK

CLOSE ENVIRONMENT DRTAR FILE

RETURN

END
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1.2.19 DRWENV

DRWENV is called within the system definition function from BLDENV to
provide graphics display during the generation of detailed environment
graphics representations. It is called to display each successive en-
vironment component as it is defined.

SUBROUTINE DRWENV

SET PROCESSOR MODE = 1, FOR SYSTEM DEFINITION

T INITIALIZING

PROMPT USER FOR ENVIRONMENT SPAN [ (NUL.LL)

SET SCRLE FRACTOR. IFACT = 1000. Z/ENVIR. SPAN

T INITIALIZING DISPLAY

INTESER TRANBLATION AND ROTATION VALUES SET PICTURE PROCESSOR TRANS., TD IDENTITY
SET WINDOW BOUNDARIES CALL DTALS TO STATUS ANALOG CONTROL. DIALS

O COLON L] [ 57 o SET CLUMMENT INTRAER TRANBLATION AND ROT. VALUES

T DRAWING OR REPLACING COMPONENT

SET WINDOW BOUNDRRIES

SET CURRENT INTEGER TRANSLATION AND ROT. VALUES

SET NUMBER OF COMPONENTS IN ENVIR. PRRAMETER

DO FOR ALL COMPONENTS BEFORE CURRENT COMP.
SET GRAPHICS FLAGS FOR SEQUENTIAL AND ALTERNATING PTS.

cALL D3DARATA TO DISPLAY COMPONENT
SET COUNTER FOR LAST ENV. OBJECT ARRAY LOCATION USED

SET GRAPHICS FLAGS FOR SEQUENTIRL AND ALTERNATING PTS.

CRLL D3DATA TO DISPLAY COMPONENT

SET COUNTER FOR LAST ENV. O0BJECT ARRAY LOCRTION USED

CLOSE RANDO REPLRACE SEGMENT

(NULL)

RETURN

END
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1.2.20 WRTENV

Subroutine WRTENV writes an unformatted environment data file during
the system definition functionm.

The content of the file is the per-
tinent COMMON block defining an environment.

SUBROUTINE WRTENV

PROMPT USER FOR FILENARME OF
ENVIRONMENT FILE TO WRITE

OPEN ENVIRONMENT DARTR FILE

WRITE UNITS COMMON BLOCK

WRITE ENVIRONMENT GRAPHICS DATA
COMMON BLOCK

CLOSE ENVIRONMENT DRTAR FILE

RETURN

END
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1.2.21 RDLOAD

The subroutine RDLOAD reads an unformatted load objects data file during
the system definition function. The contents of the file are the per-
tinent COMMON blocks defining a load file for the robotic system. The
user is prompted for the file name from which the file is to be read.

SUBROUTINE RDL.ORD

PROMPT USER FOR FILENARME OF LORD
OBJECTS FILE TO REARD

OPEN LORD OBJECTS DARTAR FILE

READ UNITS COMMON BLOCK

REARD LOARD OBJUECTS MASS PROPERTIES
COMMON BLOCK

RERD LOARD OBJUECTS GRAPHICS DARTA
COMMON BL.OCK

CLOSE LORD OBJECTS DRTAR FILE

RETURN

END
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1.2.22 LOAD

Subroutine LOAD is called during the BLDLOD option of INITDRVR. It al-

lows the user to create and define the mass properties of one or more
load objects. If a file of load object data already exists, this sub-
routine may be used to modify portioms of those data. The load para-
meters for which the user is prompted are listed:

1) Location and orientation with respect to the world coordinate
system;

2) Length and radius;

3) Center of mass;

4) Mass;

5) 1Inertia distribution;

6) Mass and location of any point masses included.

SUBROUTINE LORD

T MODIFYING OLD LOAD OBJECT MASS PROPERTIES -
PROMPT USER FOR MODIFICATION CATEGORY PROMPT UBER FOR_LOMD OB _ECT LOCATION
/ PROMPT USER FOR ROTATION AXIS
DOoCAHASE
PROMPT USER FOR ROTATION ANGLE
cCAT = “Eg - 2 R P ,% S =0 DO UNTIL USER STOP OR 3 ROTATIONS
1. LOC i g - tEBgirEl=ss| L2 CALL ROTMAT TO CALCULATE
AND OR 8- 2! S8 810 El 5= TRANSFORMATION MATRIX
= F T = = = PROMPT USER FOR LENGTH OF
g2 52 |5 £ PP &= E LORD OBJECT
~SSEE|2 = sl PROMPT USER FOR RADIUS OF
Faea2SsS|HS s cC = § LCAD OBJECT
2 =58 | & = = PROGRAM FINDS
=122\ § [|5 ® [T a F T CENTER OF MASS F
E = o o, PUT CENTER OF PROMPT USER FOR
= on Eg o Ll u..u/ E MARSS AT GECMETRIC 1 CENTER OF MASS
—52 1A S =1 3 5 CENTER COORDINATES
g“‘ = = = g / - PROMPT USER FOR MASS OF
£8 EsmM\= /07 F ig LOAD OBJECT
5= |3 & = g & —_ PROGRAM COMPUTES
= §§ £ g/ 12! \&8 ] — T INERTIA MATRIX F
— = .
= (4> > 1S ] = PROMPT USER FOR
= 3 - o | = = |cmLcuLATE INERTIA COLUMNS OF
£8 = = 1§ o = § g‘ =i MATRIX INERTIA MATRIX
g (=5 5 & = \u T1E INCLUDE POINT
452 s3iz [Bglm| B § T MASSES F
E_5 S gé g8 L = |38 E PROMPT FOR MASS
s8s |TE2|.B5EE._ =% S OF POINT MASS —
- i S i E Sl g PROMPT FOR LOCATIONON -
! Il — = g ; E = o POINT MASS )
8 |x st S =
iEE R g == &= DO UNTIL USER =
I =B 23 sToP
RETURN
ENG
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1.2.23 TLDMAS

. Subroutine TLDMAS is called from BLDLOD to add the effects of point
masses included in a load object. Variables for total mass, centroid
location, and rotary inertia are initialized with the values for the
simple load object. If point masses are included, ADDMAS is called to
calculate new values for these variables that include the point mass
effects.

SUBROUTINE TLDMRAS

INITIALIZE TOTAL LOAD MASS. CG.
AND INERTIA WITH SIMPLE LORAD DRTAR

NUMBER OF POINT MASSES FOR
T CURRENT LORD OBJECT .GT. O

CARLL RDBDMARS TO
INCORPORRTE POINT
MASS DARTA

DO UNTIL TP = NUMBER
OF POINT MASSES FOR
CURRENT LORD OBJECT

(NULL)

RETURN

ENDO

B-49



1.2.24 DRWLOD

DRWLOD is called within the system definition function from BLDLOD to
grovide'graphics display during the generation of a detailed load ob-
jects file. It is called to display each successive load object compo-
nent as it is defined.

SUBROUTINE DRWLOD
SET PROCESSOR MODE = 1. FOR SYSTEM DEFINITION

T TINITIRLIZING -
PROMPT USER MOR LORGC OSJECTS SPRAN | (NULL)
SET SCARLE FRCTOR. TFRACT = 1000. /L0RAD SPAN
T INTITIRLIZING DISPLAY -
BERD INTEGER [ SET _PICTURE PROCESSOR TRANS. TO IDENTITY
TRANSLATION AND AL DIFLS TO STATUS ANALOG CONTROL OIALS
ROTATION VALUES SET CURRENT INTEGER TRANSLATION AND ROT. VRALUES
T DRAWING OR REPLRACING COMPONENT -

SET TRANSFORMATION BASED ON LOC. AND ORIENTATION OF LORD
SET WINDOW BOUNDARIES

SET CURRENT INTEGER TRANSLATION AND ROT. VALUES

DRAW COLOR COORDINATED AXES SYSTEM (RED—X. WHIT-Y. BLU-3

SET NUMBER OF COMPONENTS IN LORD PARARAMETER

DO FOR ALL COMPONENTS BEFORE CURRENT COMP.

SET GRAPHICS FLAGS FOR SEQUENTIAL AND RALTERNATING PTS.

CALL D3DRTA TO DISPLAY COMPONENT
SET COUNTER FOR LAST LOARD OBJECT ARRAY LOCATION USED

SET GRAPHICS FLAGS FOR SEGUENTIAL AND ALTERNATING PTS.

CARLL D3DATA TO DISPLAY COMPONENT

SET COUNTER FOR LAST LORD OBJECT ARRAY LOCRTION USED
CLOSE AND REPLACE SEGMENT

RETURN
END

(NULL)

ORICINAL PLGE I8
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1.2.25 WRTLOD

Subroutine WRTLOD writes the unformatted load objects data file during
the system definition function. The contents of the file are the per-

tinent COMMON blocks defining the mass properties and graphics of the
loads for a system.

SUBROUTINE WRTLOD

PROMPT USER FOR FILENAME OF LORAD
OBJUECTS FILE TO WRITE

OPEN LORAD OBJECTS DRTA FILE

WRITE UNITS COMMON BLOCK

WRITE LOAD OBJECTS MASS PROPERTIES
COMMON BL.OCK

WRITE LORD OBJECTS GRAPHICS DRTAR
COMMON BLOCK

. CLOSE LORAD OBJECTS DARATAR FILE

RETURN

END
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1.3.1 GRINIT

For building an environment, simple arm, detailed arm, or loads with
graphics, routine GRINIT initializes the E&S display, extended switches/
lights, and analog control dials, and draws the graphics display border.
Working from the input flag IFLAG, the type heading of the general dis-
play is chosen, either simple cylinder, detailed geometry, environment
or load. The graphics segments are opened and the title for the system
definition function driver currently under execution is output.

SUBROUTINE GRINIT

CALL MPINIT TO INITIALIZE GRAPHICS
SYSTEM

INITIRLIZE EXTENDED FUNCTION KEY
SWITCHES

INITIALIZE EXTENDED FUNCTION KEY
LIGHTS

INITIALIZE ANALOG CONTROL DIARLS

INITIALIZE EVENT QUEUE

DRAW GRAPHICS DISPLARY BORDER

QUTPUT GRAPHICS DISPLAY TITLE

OUTPUT MARTIN MARRIETTA COMPANY LOGO

TRANSFER INITIRL RERDINGS OF
CONTROL DIRLS FROM DEVICE QUEUE

RETURN

END
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1.3.2

SPAN

The manipulator arm span is requested as input from the user during ini-
tial creation of simple cylinder arm data; modification of the ARMSPN
value is also allowed through a call to SPAN during the CREATARM modifi-
cation mode.

SUBROUTINE SPAN

ERROR CODE = O

SYSTEM MODIFICARTION FLAG IS
T ) SET

PROMPT FOR SPAN
VALUE MODIFICARTION (NUL L)
FLRAG

INFPUT MODIFY FLRARG . NE. 1

PROMPT FOR NEW SPAN.
OR RERCH. 0OF ARM

(NULL)
RERD SPAN INTO RARMSPN
PRARARMETER

RETURN

END
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1.3.3 BASE

Subroutine BASE is called within the system definition function during
definition or modification of the simple cylinder arm or detailed arm
The purpose of subroutine BASE is to provide the input

geometry file.

of the robotic base position, orientation, and physical dimensions
(radius of base, endpoints and number of sides), and to load these

values into COMMON blocks.

SUBROUTINE BRSE

SET MODE FLAG = 1
SET ERROR CODE FLAG = O
ZERO ROTATION SEQUENCE MATRIX. IROT
v INPUT MODIFY FLAG = 1
PROMPT FOR BASE MODIFICATION DESIRED
READ MODIFICATION CRTEGORY DESIRED
OO0 CASE ON MOOIFY CARTEGORY
DOCRSE "
]
LoorE | |ROTATION SEQUENCE AND ROTATION ANGLES o Y |yl e T E"
i T = O S . — o = =
- W o o3 QL ~ = bt
> B 1 = SsSs H aa
.2 3 D0 WHILE T .LT. 3 A= = >
2SS E8E | F u £
[—1
S S I = I + 1 = < S £
E%‘; PROMPT FOR I TH ROTATION §§§ =82S §
5»—’——'2 SEQUENCE AXIS OF ROTATION '—HECCSEEEE =
x5 ROTATION SEGUENCE AXIS S EEesS=| — =S
a s OF ROTMTION INTG IROT (X3 S& = & = i 5
T PROMPT FOR I TH = . =
> = L = (=
= ROTATION ANGLE - = S = =5
= READ ROTATION ANGLE INTO — = b Le oy — b
= AJUTANG FOR I TH SEGUENCE = o= — 5 o~ 2 o
— = NUMBER —_ L B F L
= = = a
SEow INPUT TERMINATION = = a = -
m = £ 00 UNTIL USER_TERMINATES = S e =
> — & |ROTATION SEQUENCE INPUT = P — =
== &3 SET JNTSEQ (13 MATRIX ELEMENT BAED g & = - =
=S UPON IROT MATRIX ELEMENTS b ] S =S w e
= CALL ROTMAT TO COMPUTE ROTATION = = =S8 =
&= MATRIX. OR —i = v
DO UNTIL MODIFICATION MODE DESIRED IS TO TERMINATE BRSE MOOIFY
RETURN _ T ]
END B
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1.3.4

OBJECT

Subroutine OBJECT creates simple cylinder graphics data used by the gra-
phics package to draw the robotic arm during the system definition func-
tion. The data created in OBJECT are stored in COMMON block IARMOBJ,
and represent a right circular cylinder of the specified size for each
system component (the base, each link and the tool). It is called for
generation of each of these components in turn.

SUBROUTINE OBJECT

SET ERROR CODE FLAG = O

SCRALING FRCTOR. IFACT. = 1000. /ARM SPAN VALUE

DOCASE
INPUT JOINT/ZLINK COUNTER. IN, == 1 BOUY B0 o0 b g T e
SET COUNTER FOR LAST LOCATION USED IN OBJECT RRRAY. ooy~
ICNTRARM. = O - g
BET NMUMBER Off COMPONENTS IN CLURMENT LINK ARRRY ELEMENT = 1 N, gg:g
\ - -3
SET OBJECT MY OATM STRRT LOTATIDN ELEMENT. NETRRM, = 1 T\Hgg F
CRLCULRTE NUMBER OF LINES TO DRAW s=ET 8 —
COMPONENTS N =
SET LINE DRAWING MODE FLAGS FOR CONNECTING SEQUENTIRL, NI §
POINTS RRRAY - s —
LOAD ARM OBJECT ARARAY, IARMOBJ (1l. WITH NUMBER LINES TO "-ﬁ g
onrsd SET OBJECT g ==
LOMD IARMOBU D ANG ITRRMOBJ N WITH LINE DRIFWING MOOE FLAGS T e QE.:!!
- L EMENT. (=]
INCREMENT TICNTRRM BY 3 NgTRRM = QSE —
SET ANGLE OFFSET PARAMETER CroInoeR ENO =
CONNECTING ~—
SCAHLLE LLINK RADIUS BY IFRCT SEQUENTIAL POINTS
DO FOR ERCH CYLINDER END CIRCLE SeE ARG
SET X = ENDPTS SCALED BY IFACT CYLInoER SI0E
DO FOR EACH VERTEX OF END CIRCLE OF CYLINCER gi%i%’;’i’m%
COMPUTE Y VALUE OorF Pog “zﬁnﬂ’ﬂm (ANGLE POINTS
COMPUTE Z VALUE OF POINT RS RADIUSSIN (ANGLE INCREMENT
LS TENOED) ICNTARM RND
LORD TARMOBJ zm,ﬁ';};':“; 9IDES CONNECTING LOC. OF NEXT
ENTS Fon base SInDe: ARRAY COMPONENT
RETURN
END ]
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1.3.5 GRAPH

If the graphics are initiated during the simple single arm creation or
modification, subroutine GRAPH provides the graphics capability for the
simple cylinder representation of the robotic manipulator. GRAPH dis-
plays each base, joint/link combination and tool as they are defined.
Graphics during the modification mode is handled with calling arguments
input to GRAPH; appropriate deletions, additions and changes to the
links are visually depicted. GRAPH provides only the simplified robotic
arm definition display.

SUBRCUTINE GRARPH
SET PROCESSOR MODE = 1. FOR 3YSTEM OEFINITION
SET SCALE FACTOR. IFACT = 1000. /ARM SPAN
SET PICTURE PROCESSOR TRANS., TO IDENTITY
CALL OIALS TDO STATUS ANALOG CONTROL DIALS
SET INTEGER TRANSLATION AND ROTATION VALUES
DISPLAY WINDOW SPAN = SCALED ARM SPAN
SET WINDOKW BOUNDARIES
SET CURRENT PICTURE PROCESSOR TRANSF ORMATION
SCALE BASE LOCATION &Y IFACT AND LORD INTO INTEGER RRRAY
SET UP PICTURE PROCESSOR ROTRTION MATRIX FOR BRASE
SET NUMBER OF COMPONENTS IN BASE PARRMETER
OO FOR ERACH COMPONENT IN BRASE

WET COLNTER FOR LABT /e CBRCT MARAY LOCWTION USRS
SCALE JT. LOCATION 8Y IFACT AND LORD INTO INTEGER ARRRAY
CALL TTRAN FOR PICTURE PROCESSOR TRANSFORMATION MATRIX
EXTRACT OFFSET JT. ANG. FROM JOINT VARIABLE RARRRAY
CALL TROTX OR =Y WITH JT. ANG. TO ROTATE TRANSFORMATION
EXTRACT ROTATION AXES USED IN ORIENTING. FROM JOINT SEQUENCE RRRAY
EXTRACT X. Y« 2 ROT. ANGLES USED IN ORIENTING. FROM JT. ANGLE RRRAY
CALL TROTX. —Y OR -2 WITH INTEGER ANG. TO ROTATE TRANSFORMATION
SET NUMBER OF COMPONENTS TN LINK PRARAMETER
00 FOR EACH COMPONENT IN LINK
SET START LOCATION IN ARM OBJECT ARRAY FOR CURRENT COMPONENT
LORD ARM 0BJ. ARRAY FOR GRAPHICS FLAGS
LOACD ARM OBJ. ARRAY FOR SEQUENTIAL POINTS
LOAD ARM OBJ. RRRAY FOR ALTERNATING POINTS
CRLL D3DATA TO DISPLAY LINK
SET COUNTER FOR LAST ARM OBJECT ARRAY LOCRTION USED

DO UNTIL ALL EXISTING LINKS HAVE BEEN DRAWN

SOAE TOOL LODRTEEN BY IPRCT S0 LoD DITO _DETRNER_ Sy
GET Lis STOTUNE SNOCISEO0M ROTRTION MNTWEN PGl _TOOR.
WET MR OF OOMPONDNTE TN TOD. FruweRTER

e e
OO FOR RCH COMRONENT IN TOOL

— e

. CMLL DSDATA 70 OTSMUAY TORR.

m-gwmmcfmmn.-n
T

—.
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1.3.6 DIALS

DIALS is called to scale the Evans and Sutherland analog control dials
values read during camera perspective changes via the extended E&S

dials. The values are scaled to integers between -32767 and +32767.

SUBROUTINE DIALS

TRANSFER GRAPHICS ANALOG CONTROL
DIALS DEVICE RECORD FROM QUEUE
DO FOR EACH CONTROL DOTAL VALUE RERD
VALUE .GT. 32787.
T‘\\ ///F
SET VALUE TO
65534 + VALUE (NULL)
\* VALUE .LT. —-32787.
T =
N\
SET VALUE TO
‘ ES534 + VALUE (NUL L3
RETURN
END
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1.3.7 JOINT

For JOINT, the user inputs joint type, joint location as Cartesian coor-
dinates in terms of the coordinate system of the previous joint (or-
base, if the current joint is joint 1), joint orientation as a rotation
sequence of axes and corresponding angles with respect to the previous
joint coordinate system (or base, if joint 1), and initial joint state
glgltial angle for hinge or swivel, or initial length for sliding
joints). The x-axis of a joint coordinate system is directed along the
centerline of the link between joint i and joint i+l (or end-effector

if the current joint is the final joint in the system). JOINT is called
by CREATARM during initial creation or modification of arm data.

SUBROUTINE JOINT

- SET MODE FLAG = 1§
SET ERAOR CODE FLAG = O
FEA0 ROTATION SEQUENCE MATRIX. TROT
5 TNPUT MODIFY FLAG = 1
PROMPT POR JOINT MODIFICATION DESIRED
RERD MODIFICATION CATEGORY DESTIRED
DO CRSE ON MODIFY CATEGORY
DOCRARSE
JOINT JOINT ROTATION SEQUENCE DETIR, IO | JOINT TRAVERL OR RATE
TYPE  |LOCATION ROTRATION ANGLES Ve—— MIN, AL LIMITS
d = — PROMPT FOR w
g S IR = © - g TRAVEL =
& & DO WHILE IR SZEE S| MIN. AMAX. =
g; 2 SLT. 3 ==& LIMITS &
()
2 = AERO TRAVEL
- = §=" IR = IR + 1 %:%E LIMIT VALUES §
=1 ~g = g INe TRVLMT FOR =
a5 o= PROMPT FOR TR TH JOINT X >
L & 3 = ROTATION SEQUENCE — =
= ™ AXIS OF ROTATION == CONVERT LIMIT =2
c = ex — - 5 ANGLES FROM =
ST SRS S DEGREES TO - 2
g = s =1 RACIANS &
= PROMPT FOR IR TH =§ == __:,—’ =
w & ROTATION ANGLE S22 2% PROMPT FOR = 2
a =S| = RERD ROTATION ANGLE 25 = RATE MAX. = &
S =] INTO AJTANG FOR IR e = L_IMIT a
— a. Q‘g— TH SEQUENCE NUMBER =] =21
— | B4 PROMPT FOR USER = D RERD RATE ;g]
= = _ INPUT TERMINATION FwuxE o | MARX. LIMIT 1 & |
("S = %E DO UNTIL USER TEAMINATES = 2 & INTO RATLMT i i
P2 | 2= |ROTATION SEQUENCE INPUT == o o|FOR JOINT I i |
L?EJ = e TREX ST _ w ‘tf: MIN. LIMIT |
= — 2 CALL ROTMAT TO COMPUTE EgEE| = - RATE l
» ROTATION MATRIX. OR = > { MAX. LIMIT B
oo UNTIL MODIFICATION MOOE OESIRED 18 TO TERMINATE JOINT MODIFY
AU
ENO

NN g Al

ORIGI :, ff7 0 e
OF POOR QUALITY
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1.3.8 ACTUATOR

ACTUATOR allows the user to define or modify the COMMON blocks defining
actuator properties for the arm by interactively prompting for actuator
parameter values or by reading a previously constructed file of actuator

parameter values.

desired.

SUBROUTINE RACTURTOR

The user can opt for no actuator definition if

ACTURTOR EXISTANCE
AND DEFINITION

METHOD

-~
[
]ﬂ.ﬂl

frzm

o
s
esTe

[ L]
s
b 13

EFFECTIVE
nams
wene

PRNGTT USER PUR ACTUATOR CRFPINETIDN METHMED

_ggga

DOCRSE

RERDING R FILE OF
ﬂcrun‘ro% PRARAMETER

7ERO ACTUATOR PARAMETERS

E

PROMFT POR AC
% TUATORN ORTA

RERAD FILENAME

INGUIRE ABOUT
EXISTANCE OF FILE

-

F

oPEN FILE I (NUILLD

INCREMENT IK

— sTTUsTOR
oE TITE

l(NULLJ

D CLBRINT JOINT SEITNTOR
PESVRAETEA VWRLLES INTD Apive

REWIND RCTUATOR
FILE

|

READ ACTUATOR PARAMETERS INTERACTIVELY
PROMPT FOR AND READ ACTUATOR TORQUE CONSTANT

PRONPT FGR AND READ MOTOR GEAR RATIO

PROMPT FOR AND READ ACTUATOR BACK EMF CONSTANT |ar cerme

-

PROMPT FOR AND READ ACTUATOR AMPLIFIER GRIN

PRONPT FOR AND READ MOTOR EFFECTIVE INERTIRjamme
PROWPT FOR AND READ HOTOR WINDING RESISTANCE
PROKPT FOR AND READ HOTOR WINDING INDUCTANCE

PROMPT FOR AND READ ACTUATOR COULOMB FRIC COEFF
PROMPT FOR AND READ ACTUATOR STATIC FRIC COEFF

\
k

PROMPT FOR AND READ ACTUATOR VISCOUS DAMPING COEFF

(NULL)

rﬁ
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1.3.9 LINK

In the create mode of LINK, the user is prompted for link endpoints in
coordinates along the x-axis, link radius, the location of center of

mass as the Cartesian coordinates of the center of gravity in the coor-
dinate system of the joint at the "base" end of the link, link mass and

inertia matrix relative to the centroid and the number of sides for the
desired simple cylinder.

SUBROUTINE LINK

. T __amr MOOE ML = L
ST _DWAOR COOS PLAG = O —
N oY K = T -3
5 o TRPUT MOCIEFY FLAG = 1 Z
GRCMPT _POR_LTNIK_MODTWICATION OESIRED T
REAC_MOOIFICATION CATEGORY DESTRED _ -
00 _CAK_ON MODIFY CRTREORY
DOCASE |
el A, |, cmTER - LINK INERTIA POINT MRSS VALUES AND

REAS (ST T [ ST IE MATRIX LOCATIONS ALONG LINK

= ] g SS < | @ ""SET POINT MASS |

Z. 0 2 B I B5ESx | B |lammeme oooNIER S0 .

| =g 7e) .-§ w3 - FOR USER SPECIFY .

S ] sl . POINT MASSES OR NG PT. |

,_i_.x Pt = E SB I" S ON LINK 5

g S g = & | READ USER READ USER FPOINT MASS =

w3 B €5 =w= . INERTIA DEFINITION OPTION =
; Pa. | E =] HEEZ | g MATRIX MODE I
b g | = I EEISESE |2 | TETon T\ s S = ig'
i i = s g4 a = =
' ' [res e =R T ; = )
| sS | Z | EBos : 5 Jd = J + 1 L]
E =c E = g | 2 | F
i l§ % 12 | {o= . E / 00 s oo e susewe ! -1
! : == ] : — =
e Tes A 8 /F =mme=] | 2| &
! V5 x = . MASS Vel INTC | = E
| el £ 18 T Fg SgE e A Ky =
: =§5 2 15 | < dE% Eu._s =
! ER o 1= = = |28 SRS T e bl
; ey = = L‘SE“E“’% jg el e} “g‘ mouT l o
l EEg - [z'ﬁ"’ <5 g!graL-_‘—_"—f H-" FENC TESRCDSNTION OR i ! !
| 1'5' s um'&ag Sl Z: !gz gxi CTDLNTION AR : ‘ [
. Bz 5 EZ g5=55% s |CEEE sE | |
H — [~ T~ i

=% 2 |2 |B3832%| 8 |3%5s B RS AETS |

= = - 1= QS . E seg“" g LINK Ko = o _L‘__L ]
OO UNTIL MOCIFICATION MOOK Of IS TO TERMINATE LINK MOOIFY Tt

ST
e — — — [

ORing\;AL Bpos e

Euihe G

OF POOR QuALiTY
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1.3.10 DEFSPJT
This routine interactively establishes the number, type and location of

"special joints." These are joints for which a constraint is placed on
the relative joint displacements.

SUBROUTINE DEFSPJT

PROMPT FOR NSPJT — THE NUMBER
OF SPECIAL JOINTS IN THE RRM

DO FOR ERCH SPECIAL JOINT

PROMPT FOR TYPE OF SPECIAL
JOINT AND SET ISPTYP

PROMPT FOR WHICH JOINT OF
ARM THE SPECIAL JOINT IS AND
SET NJTSP
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1.3.11 TOOLJT

Subroutine TOOLJT is called by CREATARM to interactively define or modi-
fy the geometry properties of the manipulator end-effector. The data for

which the user is prompted include:

1) Location of tool with respect to final link;

2) Orientation of tool with respect to final link.

The orientation data are input as a sequence of rotations about coordi-
nate axes and ROTMAT is called to compute the corresponding rotation

matrix.

SUBROUTINE TOOLJT

INITIALIZE ROTATION SEQUENCE (IROT)

TO ZERO INDICATING NO ROTATIONS

MODIFYING PREVIOUS DRTHAH

PROMPT FOR MODIFICATION CATEGORY

AND PERFORM INPUTS/ACTIONS FOR
THAT CATEGORY ONLY

SUCCESSIVELY PROMPT FOR X. Y. AND
Z LOCATION OF TOoOL WITH RESPECT TO
PRECEDING LINK

IR = O
TR = IR=+1
ENTER IROT (ITR] — COORDINARTE RAXIS

FOR ROTARATION

ENTER ARJTANG (ITR) - ANGLE OF
ROTRTION
ABOQUT THIS RXIS

PROMPT FOR USER TERMINATION

DO UNTIL
USER

DO UNTIL USER TERMINATES COR IR = 3

SET JNTSEQ = TIROT (1) IROT (2) TROT (3]

CALL ROTMAT TO COMPUTE ROTARATION MATRIX
CORRESPONDING TO THIS ROTATION SEQUENCE

TERMINATES
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1.3.12 TOOLLK
’ Subroutine TOOLLK is called by CREATARM to interactively define or modi-
fy the mass and graphics properties of the manipulator end-effector.
The data for which the user is prompted include:
1) Endpoints for cylinder representation;
2) Radius of cylinder;
3) Number of sides of cylinder;
4) Center of mass of end-effector;
5) Mass;
6) Inertia distribution;

7) Llocation and mass of point masses.

When modifying existing data, the user has the option of which cate-
gories to modify.

SUBROUTINE TOOLLK

S MODIFVYING OLD END EFFECTOR MASS PROPERTIES -
‘ PROMPT FOR MODIFICATION CRTEGORY PROMPT USER FOR THE TOoOOL END
POINT COORDINATES OF TOOL
DoCRSE e
// PROMPT USER FCOR NUMBER OF SIDES
,,, - . . R o oF TOOL (FOR GRAPHICS
=i - = on (S w5 ~ =0
WS 3 iﬁ - N - nZ A PROGRAM FINDS
=S8 e8| & —E| = — S & TN _CENTER OF MASS =
S2|S . o S s S o = e S =
= FR - e )
= - — [ -
S =3 § g | 5’ = = GEOMETRIC CENTER COORDINATES
— —
. | E| & - /EE 2 ;ﬁ FROMPT USER FOR
s | 5| & = g | g MASS OF TOoOL
o Els i\ B [lug|| B /TNE/F
L= & =0 & S\ g / R N PROGRAM COMPUTES
: o T TR
g‘ E I § g \ § | PP \ g !, ! gé T INERTIA MA Ix S
= = [ A I Se R N i s CALCULRTE T us
; § § w (T \ i F czz: T \\ | F :é . TNERTIA l¢=v=n:w=- _USER FOR
Do = o | / / ga - MRTRIX | INERTIA MATRIX
= B | =2 \E] o | LB = Lt '
i = - ©w S @ — = ‘ls - = INCLURPE |
=18 s B g (L= s !g _I= 1T\ POINT MASSES =
‘ l == :
28 g § s = EOE EE = PROMPT FOR ;
e =] 2D BEhlwdls ‘a"-—' 8 = MARSS OF POINT ;
BB 2 =882 £ 5§ i MASS =
= | 8|8 EEis5 =] = PROMPT FOR —
B = | = la”:;; —_ T EE =S LOCATION OF =]
L= =t 2 = 85 X = o lgw T POINT MASS =
— = .= ; = = T = =
S z g 8 |3z =S| 2 | Bs Do UNTIL
= | | | |
T £ E '8 g S 28 g8 | |UsSEr sSTOP
RETURN
ENC ‘

|




1.3.13 TOTMAS

Routine TOTMAS combines individual components of each link's contribu-
tions (e.g., link mass, point masses) to obtain a total mass distribu~
tion for the joint/link combinations and tool during robot arm creation.
V§riab1es for the total mass, centroid location, and inertia distribu-
tion are initialized with the values from the simple link. If point
masses are included, ADDMAS is called to add the effects of these addi-
tional terms.

SUBROUTINE TOTMAS

INTTIALIZE TOTAL MASS. C.G.. AND
INERTIAR VARIABLES WITH LINK DRTAH

NUMBER OF POINT MRASSES
T \\\\> FOR CURRENT LINK .GT. O =

CAL.L RDDMAS TO
INCORPORATE POINT
MRASS DATAH

(NULL)

DO UNTIL IP = NUMBER
OF POINT MASSES FOR
CURRENT LINK

D0 UNTIL N = NUMBER OF LINKS IN ARM

RETURN

END
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1.3.14 ADDMAS

Subroutine ADDMAS combines the mass properties of two objects to obtain
composite values for the mass, centroid location, and inertia distribu-
tion. ADDMAS calls ADDMAS2 to perform the computations. ADDMAS then
loads the results into the first object's mass property variables.

SUBROUTINE RADDMAS

CALL RADOMARS2Z2 FOR COMPOSITE INERTIA
AND PUT IN TEMP VARIABLES

PUT MASS RESULTS INTO MASS OF BODY
1

PUT C.G. RESULTS INTO C.G. OF BODY
1

PUT INERTIA MATRIX INTO INERTIR
MRTRIX OF BODY 1

RETURN

END
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1.3.15 ADDMAS2

ADDMAS2 calculates the composite mass properties of two rigid bodies
joined together. The mass, centroid locatiom, and inertia matrix for

the composite body are returned as results.

SUBROUTINE RDDMAS2

TOTRL MASS = MASS OF BODY 1 + MRASS
oF BODY 2
COMPOSITE CENTROID = (MRSS 1 » CG
1 + MASS 2 +» CG 2) /7 TOTAL MASS
R1L = CG 1 — COMPOSITE CENTRQOID
R2 = CG 2 — COMPOSITE CENTROID

CARLL RCICR FOR R1 SQURRED MATRIX ((R1SQ)
USED TO FIND COMPOSITE INERTIA

CALL RCICR FOR R2 SQUARRED MATRIX ((R2SA)
USED TO FIND COMPOSITE INERTIA

COMPOSITE INERTIA = RIN1l + RINZ2 -+
(MASS 1 + R1SQ + MASS 2 *» R2SQ)

RETURN

END
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1.3.16 RCICR

Subroutine RCICR is called by ADDMAS2 to set up the inertia matrix
corresponding to a point mass displaced from the body centroid. This.

inertia matrix forms one component of the inertia distribution for the
composite body.

SUBROUTINE RCTICR

TR = 0. 0O

INCREMENT T

INCREMENT J

R SQURRED MATRIX ELEMENT. (RSQ (I, JI )
= —R (IT] » R (N

DO UNTIL J = 3

TR = TR — RSQ (I. I}

DO UNTIL I = 3

INCREMENT I

DIAGONAL ELEMENT. RSQ (I, I3 = RSQ (I, I
- + TR
DO UNTIL I = 3
RETURN
END
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1.3.17 GRTERM

display unit. It calls MPSTOP to terminate the multi-picture processor

GRTERM is called to terminate the Evans and Sutherland device processor
display unit graphics. ‘

SUBROUTINE GRTERM

CALL MPSTOP TO TERMINATE GRAPHICS
SYSTEM

RETURN

END

B-68




1.3.18 BASPUT

Subroutine BASPUT is called from subroutine SETUP2 during position
calculations for the manipulator. This subroutine takes the position

and orientation of the base of each arm (with respect to the world
coordinate system) and loads these data into the arrays POS and ROT.

SUBROUTINE BRASPUT

PUT ARM BASE LOCATION IN RARRAY
POS

PUT RARM BARASE ORIENTARATION IN
ARRAY ROT

DO UNTIL J = 3

DO UNTIL I = 3

DO UNTIL KARM = NUMBER OF RARMS

. . RETURN

END
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1.3.19 JACOB

Subroutine JACOB sets up the Jacobian matrix that will later be used to
solve for individual joint velocities for each arm given the end effec- ‘
tor velocity. This subroutine uses end-effector position and joint to
world transformation matrices to determine the entries of the Jacobian

as described in a previous section. The result is a 6xN matrix for each
arm.

SUBROUTINE JRCOB
CALL MATMPY TO PUT REF POINT VECTOR TN WORLD COOROTINATES

ADD VECTOR FROM WORLO ORIGIN TO END EFFECTOR ORIGIN
FIND JOINT RXIS OF ROTATION

T JOINT IS HINGE OR SWIVEL =

FIND DIRECTION COSINES OF JOINT RURCOB (1., JT) =
AXIS W.R. T. WORLD COOR. (R (3)) ROT (1. 1. JT. KARM)

CALL CRPD TO FIND RW = A X (VECTOR
FROM END EFF. REF. PT. TO JOINT) RJACOS (2, JT

ROT (2, 1., JT. KARM)

RJACOB (1, JT) = RW (1)

RJRARCOB (3. JT) =

RUACOB (2, JT) = RW (2) ROT (3. 1. JT. KARM)
RJUACOB (3., JT) = RW (3) RJRCOB é‘*-od"’]
RJACOB (4, JT3 = A (1) RACoB (5. JT)
RJUACOB (5, JT) = A (2) - 0.0

RUACOS (8. JT)
RJUACOB (8., JT) = A (3 = O. O
DO UNTIL JT = NUMBER OF JOINTS IN ABRM
RETURN
END
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1.3.20 DATOUT

ORIGINAL PACE IS
OF POOR QUALITY

DATOUT is respomnsible for the data output in the columns set up by sub-
routine FORM of the E&S robotic simulation display. It includs t.:he cur-
rent simulation time, joint travel angles and percent of the maximum
traveled for each joint. DATOUT has provisions for only two arms.

SUBROUTINE DOATOUT

OPEN A GRAPHICS SEGMENT

INITIALIZE GRAPHICS LINE GENERATOR BLINK CARPABILITY

SAVE CURRENT PICTURE PROCESSOR TRANSFORMATION ON STACK

OUTRPUT CURRENT SIMULARTION PROCESSING TIME

DO FOR EACH JOINT IN ARM 1

OUTPUT JOINT TRAVEL ANGLE IN DEGREES

COMPUTE PERCENT OF MAXIMUM TRAVEL TRAVERSED BY JOINT

CSUTPUT PERCENT OF JOINT TRAVEL LIMIT TRAVERSED

PERCENT TRAVELLED . GE. 95,

.‘

SEY SLINC ON FOR SRAMHICS TWT [re— T i INULL]

N A SECOND ARM EXISTS

DO FOR EARCH JOINT IN ARM 2
OQUTPUT JOINT TRAVEL RNGLE IN DEGREES

COMPUTE PERCENT OF MRXIMUM TRAVEL TRAVERSED BY JOINT

QUTPUT PERCENT OF JCINT TRAVEL LIMIT TRAVERSED

N PERCENT TRAVELLED . GE. 9S.

[

il .
'SET BLINK ON MOR GREPHICS
TEXT CUTPUTTING PERCENT (NULL)

(NULL)

CLOSE GRAPHICS SEGMENT

" RETURN

END
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1.3.21 FORM

The FORM routine sets up the borders and the text output locations for
the manipulator display on the E&S graphics unit. It sets up the Evans
and Sutherland graphics display borders; outputs the robotic simulation
title, current simulation time text title and joint travel status data
column headings. FORM has provisions for only two arms.

. SUBROUTINE FORM
SET VIRTUAL SPACE WINDOW

DRAW GRAPHICS DISPLRY BORDER

- ——

OUTPUT GRAPHICS DISPLAY TITLE

OUTPUT MARTIN MARIETTA COMPANY LOGO

DRAW JOINT TRAVEL STATUS FORM BORDBERS

QUTPUT JOINT TRAVEL STARTUS HERDINGS

QUTPUT JOINT TRAVEL STARATUS COLUMN
HERDINGS TEXT FOR ARM 1

SN SECOND ARM EXISTS

OUTPUT JOINT TRAVEL STATUS
COLUMN HESDINGS TEXT FOR ARM 2 INUL.L.I

OUTPUT CURRENT SIMULARTION TIME HERDING

RETURN

END
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1.3.22 CYL

Subroutine CYL is called within the system definition function during
detailed graphic representation generation for the robotic system con-
stituents (environment, arms, loads). If the requested component is a
cylinder or cone, it is called to compute data points for the graphics
routines. The controlling argument in the call, ISHAPE, determines
which geometric shape has been chosen in calling routine BLDENV, BLDDAT
or BLDENV.

SUBROUTINE CYL
PROMPT FOR CYLINDER DIAMETER. USED RS BOTTOM ODIAMETER OF CONE
1 ISHARPE =~ 2, FOR CONE
PROMPT FOR TOP DIAMETER OF CONE I INULL]
PROMPT FOR LENGTH OF CYLINDER OR CONE
SET NUMBER OF SIDES = 8 _
CALCULATE NUMBER OF LINES TO DRAW SEQUENTIALLY
SET LINE DRAWING MODE FLRAG FOR CONNECTING SEQUENTIRAL POINTS o
COMPUTE DELTR ANGLE FOR EACH SIDE OF THE CYLINDER
SET RNGLE OFFSET PARAMETER
ICOUNT = O

.4 _d..

DO _FOR EACH CYLINDER ENO CIRCLE
CYLLINDER RADIUS = DIRAMETER/2.
= ISHAPE = 2, FOR CONE
{CYLINDER RADIUS = TOP DIAMETER/2. T TNULCL) :
SET N = NUMBER LINES IN END CIRCLE |
DO FOR EARCH VERTEX OF END CIRCLE OF CYLINDER
TCOUNT = TCOUNT =+ 1
COMPUTE ANGLE SUBTENDED USING ANG. OFFSET VALUE
/COMPUTE Y VALUE OF POINT AS RADIUS~COS (ANGLE SUBTENDED)
{COMPUTE 2 VALUE OF POINT AS RADIUS#SIN (ANGLE SUBTENDED)
SET X VALUE = Q.
3 SECOND CY¥L. END CIRCLE e
X = CYLINDER LENGTH VAL.UE T INULL)
LORAOC ARRAY. ELEMENT TICOUNT, WITH X. Y. Z

INCREMENT T i
TCOUNT = ICOUNT + 1 !
LORD ARRAY, ELEMENT ICOUNT. WETH X Y. ¥ FROM ARRAY SLEMENT T T
TICOLINT & TCOUNT + 1
LOMD ARy, ELEMENT ICONT, WITH X% Y, B FROM ARRAY ELEMENT I+OFrSET
U
] 1

ORiG;NAL Pcﬂr,_;w .
8
OF POOR Quatrry
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1.3.23 RECT

Subroutine RECT is called within the system definition function during
generation of detailed graphic representations for environment, arm or
load objects file. It is called if the requested component is a rect-
angular solid (ISHAPE = 3), a symmetric trapezoidal solid (ISHAPE = 4),
or a nonsymmetric trapezoidal solid (ISHAPE = 5) to compute data points
for the graphic routines.

SUBROUTINE RECT

PROMPT _FOR RAPEROID LENSTH IN X
O PO ':Tw /= WIDOTH IN Y
T TIHAPE = S FOR ARCTANGLE SOLID =
ARCMPT FCR RECTRANBLE «/~ SREE ]r; mr:mmnm
SET NUMOER OF SIDES = ¢ —
CALCULATE _NUMBER OF LINES TO DR SEQLENTIALLY
BET LINE DRMING MOOE FLAG FOR GONNECTING SESUENTIFL FOINTS i
DO POR_ERCH RECT. /TP, BNO 7
B FIRST ENO - i
SET OFFEET PRARMETER « O. SET OFFAET PARAMETER « NLM, SIDES « § i
SET X = O, BET X = RECT. /TS, LENTTH i
WET 8@ = PIONST MECT. /TRAP, BESE VRLE ST B =~ GRCOND ARCT. /THRAP., SMEBE VALUE !
LORD ARRAY X. Y. & ELEMENT 1+0FFSET. WITH X. WIDTH ANO BRSE VALUE
< ISHAPE = <4, FOR SYMMETRIC TRAP. "
LORD ARARY £ VALLIE, ELEMENT 1+OFFSET, WITH X [ INULL)
+ ITSHRPE = S, FOR NONSYMMETRIC TRRAP. "
LOMC ARNTY B VALUE, ELEMENT 1+OFFSET, WITH O. VFLUE l INULL)
LORD ARRAY X. Y. #. ELEMENT 2+0FFSET, WITH X. WIDTH ANDO —BRSE VALUE
T ISHAPE = 4., FOR SYMMETRIC TRAP. »
LORC ARMAY E VALUE. ELEMENT 2+OFFSET, WITH B T (NULL)
< ISHAPE = S. FOR NONSYMMETRIC TRAP. 4
LORC ARRAY B VALUE. ELEMENT 2-OFFSET, WITH -2 | (NUL.L)
(LORD RARRAY X. Y., Z ELEMENT 3+0OFFSET. WITH X. —WIDTH AND —-BRSE VALUE
v TSHAPE = 4, FOR SYMMETRIC TRAP. ™
LORD AAAAY  VALLEZ. ELEMENT S+OFFSET. WITH -2 I INULL)
v TAHAPE = S. FOR NONSYMMETRIC TRRAP. rs
[CORC ARAAY & VALUL, SLEMENT S-OFFSET, WITH —# { INULL)
i LORAD ARRAY X. Y., & ELEMENT <4-0QFFSET. WITH X. —-WIDTH ANC BRSE VALUE
v ISHAPE = 4, FOR SYMMETRIC TRAP. re
LOAO ARAAY £ VALUE., ELEMENT 4+-OFFSET, WITH B I INULL)
T ISHAPE = S. FOR NONSYMMETRIC TRAP, »
LORC RRIRAY B VALLUE, ELEMIENT 4sOFFSET. WITH O VALLE l INULLY
| LORD RARRRY X. Y. & ELEMENT S+OFFSET. WITH ELEMENT 1+0FFSET VALUES
— ST TOSLIT > NI LSS LNOY FTEe SR TRLY L4
OO ATE OGN OF LDES TO ORI M. Y
WY LIS CRUSEMD MR AL FER CEPOMBETIRD L. TEFNMITIG SuEDeTS 1
WiV i CPPSRT TR TO rase WIDE® - 1 1
O6 PUN SR MEDY. /TR, SENE FRIe S Y St GEBRS
o . . .3 !
TRSY « SOt & & i
\-—m-.-—ﬂ'—-'--“l“-~~'-—4't I
TORMT = ﬁ -
I _—www.nnv.-r—--’l-.—vw _
? — . 4

URIGINAL PAQE i

OF POOR QUALITY

B-74




CRIGINAL PRGE (T

1.3.24 TRISTR OF PCOR QUALITY

Subroutine TRISTR is called within the system definition functionm dux.'ing
detailed graphics representation generation for the'enviror}ment, manipu-
lator or load objects. If the requested component is a triangular
cross-section beam (ISHAPE = 6), it is called to compute data points for
the graphics routine.

SUBROUTINE TRISTR

PROMPT FOR TRIANGLE SIDE LENGTH

PROMPT FOR SEGMENT LENGTH

PROMPT FOR NUMBER OF SEGMENTS

SET NUMBER OF SIDES = 3

CALCULATE NUMBER OF LINES TO DRAW

SET LINE DRAWING MODE FLAG FOR CONNECTING SEQUENTIAL POINTS

DO FOR EACH SEGMENT OF TRI. STRUCTURE. FROM 1 TO NUM. SIDES + 1

CRLCULATE OFFSET BASED ON CURRENT SEGMENT NUMBER

X = (CURRENT SEG. NUM. —~ 1] + (NUM. SIDES -+ 1)

LORD ARRAY X VALUE. ELEMENT 1+0FFSET. WITH X

LOAD ARRAY Y VALUE, ELEMENT 1+-0OFFSET, WITH TRI. LENGTH./2.

LOAD ARRAY Z VALUE. ELEMENT 1+0OFFSET,. WITH O.

LOARD ARRAY X VALUE. ELEMENT 2+0FFSET. WITH X

LORD ARRAY Y VALUE. ELEMENT 2+0FFSET. WITH —TRI. LENGTH/Z.

LOAD ARRAY E VALUE. ELEMENT 2+-0FFSET. WITH O.

LOAC ARRAY X VALUE. ELEMENT 3+0FFSET, WITH X

LOARD ARRAY Y VALUE., ELEMENT 3+0FFSET, WITH O.

LORD ARRAY Z VALUE, ELEMENT 3+0FFSET. WITH ~-TRI. LENGTH

LOAD ARRAY X. Vs B VALLES, ELEMENT 4-0F FSET, WITH ELEMT. 1+-OFFSET VALLUES

SET ICOUNT = NUMBER LINES ALREADY DRAWN SEQUENTIALLY

CALCULATE NUMBER OF LLINES TO DRAW ALTERNATELY

SET LINE DRAWING MODE FLAG FOR CONNECTING ALTERNATING POINTS

SET ANGLE OFFSET PRARAMETER TO (SEG. NUM. ) +# (NUM. SIDES =+ 1)

DO FOR ERACH TRIANGLE SIDE FROM 2 TO NUM. SIDES

INCREMENT I

ICOUNT = TCOUNT + 1

LORD ARRAY. ELEMENT ICOUNT. WITH X. Y. 2 FROM ARRAY ELEMENT I

TCOUNT = TCOUNT + 1

LORAD PRRAY. ELEMENT ICOUNT. WITH X Y 2 FROM ARRAY ELEMENT I-+-OFFSET

RETURN

ENO
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1.3.25 DATATAB

Subroutine DATATAB is called within the system definition functiom
during detailed graphics representation generation for the environment,
the robotic arm or load. If the requested component is a data tablet
structure, it is called to compute data points for the graphic routines
when the input ISHAPE flag = 7.

SUBROUTINE DRTAHRTARB

PROMPT PFOR NUMBER OF POINTS TO BE INPUT VIA DATA TABLET

INITIM_IEE DATA TASLET OCEvVICE

INITIALIENE EVENT QUEUS

KOUNT « O

-u-r—nuvul-mwmmm

WOLMT = WOANT * 3

WY AT ST S GMEDIT BT, TO JHTEESIN % FOU V VS

DT PEENT IHNAUT R FEETERE SRR SRR

OO UNTIL ALL POINTS HAVE BEEN INAUT

PLOT LAST POINT

RERD 2 POINTS FROM DRTA THS. BSETWEEN WHICH THERE IS A KNOWN OTSTANCE

PROMET USER FOR KMNOWN OIMENSION SETWN. 2 PTS, ., USED FOR SCTALING

COMPUTE INTERNAL ORTR TAB. DISTANCE BETWEEN 2 POINTS

SCALE FACTOR = OIMENSION/OATA TREB. INTERNAL DISTANCE

READ POINT FROM DATA TAB. TO BE USED AS ORIGSIN

PROMPT FOR SHAPE DEPTH VALUE

SET NUMBER OF SIDES = KOUNT

CALCULATE NUMBER OF LINES TO DRAW SEQUENTIALLY

SET LINE DRAWING MOOE FLAG FOR CONNECTING SEQUENTIAL POINTS

TCOUNT = O

OO FOR EACH FIGURE &NO DIAMETER -
WET N = NMERR LINES IN END OTAKTEN

s

00 FOR ERCH VERTEX OF NG AERIMETER
TCOUNT = ICLCRINT + L
T FIRSBT &ENO 1 |
¥ = DEPTH INPUT ! W = —OEPTH INSUT i
' oRD ARRAY % ELEMENT ICOUNT. WITH (X DATA ~ X ORG. )« SCAL. FACT
T TOMG RRRMY Y. ELEMENT ICOUNT. WITH (¥ ORTA — Y ONG.) @ SCAL. FACT
LOAD ARRAY B. ELEMENT TCOUNT. WITH E

CALCULATE NUMBER OF LINES TO DORAW ALTERNATELY

SET LINE ODRBWING MODE FLAG FOR CONNECTING AL TERNRTING POINTS

SET ANGLE OFFSET PARAMETER TO NUM. SIDES -+ 1

DO FOR EACH FIGURE SIDE FROM 2 TO NUM. SIDES
INCREMENT I
TCOUNT = TCOUNT =+ 1
LORD ARRAY. ELEMENT ICOUNT. WITH X. Y. Z FROM ARRAY ELEMENT I
ICOUNT = TICOUNT =+ 1
LOAD ARRRAY. ELEMENT ICOUNT. WITH X. Y. 2 FROM ARRAY ELEMENT I+-OFFSET

RETURN

END

VURIGINAL P
OF POCR QUALITY
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1.3.26 FILLET OF POOR QuaL:

OP"\:?:‘“ PR i

Subroutine FILLET is called within the system definition function
during detailed graphics representation generation for the environment,
the robotic arm.or load. If the requested component is a fillet part,
it is called to compute the data points for the graphic routines. For
a concave or convex fillet, the input ISHAPE flag is 8.

SUBROUTINE FILLET

PROMPT FOR FILLET RAOIUS

PROMPT FOR FILLET LENGTH

SET NUMBER OF SIDES = &

CALCULATE NUMBER OF LINES TO DRAW SEQUENTIALLY

SET LINE DRAWING MODE FLAG FOR CONNECTING SEQUENTIAL POINTS

COMPUTE DELTA RANGLE FOR EACH SIDE OF THE FILLET

ICOUNT = O

O0 FOR EACH FILLET END DIAMETER

1 SET FILLET RADIUS = RADIUS INPUT

SET NL = NUMBER LINES IN END DIRMETER

'DO FOR ERCH VERTEX END PERIMETER. FROM 1 TO NUM. SIDES - 1

i ICOUNT = TCOUNT + 1

ICOMPUTE ANGLE SUBTENDED USING DELTR ANG. VALUE
|[COMPUTE Y VALUE OF POINT AS RAO. — RAD. «COS (ANGLE SUBTENDED

'COMPUTE # VALUE OF POINT AS RAD. — RAD. *SIN (ANGL.E SUBTENDED)

SET X VALUE = O,

T SECOND FILLET END PERIMETER

X = FILLET LENGTH T (NULL)

| LoRO ARRAY,. ELEMENT ICOUNT. WITH X. Y. =

ICOUNT = ICOUNT - 1

LORD ARFRAY X VALLE, ELEMENT ICOUNT. WITH X

LORD ARRAY VY. 2 VALUES. ELEMENT ICOUNT. WITH O.

ICOUNT = ICOUNT « 1

LOAD L.AST ARRAY ELEMENT. WITH X. Y. 8 FROM ELEMENT 1

CRLCE_ATE NABER OF LGS TO G4 AL TERNATELY

INCREMENT T

TCOLNT = TCOUNT + 1

LOAD AMmmY. ELEMENT ICTOUNT: WITH Xo Ye B FROM MRRRY ELEMENT T

ICOUNT = ICOUNT + L

LORD AMRY. ELEMENT ICCRINT: WITH X Y: B FROM MRASNY E_EMENT I+ONFSET
e
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1.3.27 OBSTCL

Subroutine OBSTCL is called within the system definition functionm

during graphics representation generation with option ISHAPE equal 9 ‘
for the environment, detailed robotic arm or load. It is called if a

requested component is an obstacle entity (a choice option from BL: ENV)

or nonplanar structure (for BLDLOD or BLDDAT). It computes data p..ints
for the graphic routines.

SUBROUTINE OBSTCL
PROMPT USER FOR CHOICE TO READ COMPONENT FILE OR INPUT INTERACTIVELY

N READING FILE e
PROMPT USER PROMPT FOR NUMBER O m%zgr:anc INPUT FOR
FOR COMPONENT
FILENAME SET NUM. SIDES = NUM. PTS. TO BE INPUT
OFPEN KOUNT = O
FILE 4 KOUNT = KOUNT ~+ 1

READ NUMBER OF
DATA POINTS 00 UNTIL ALL POINTS HRAVE BEEN INPUT

VALUE FROM FILE

KOUNT = NUMBER PTS. RERD + 1

READC RECORD FROM SET LAST DATR ARRAY ELEMENT. WITH
;?';%"321%';"32 X. Ys 2 VALUES READ FOR ELEMENT 1
PT. INTO DATR PROMPT WSER FOR SCALE FRCTOR TO
BE USED
DO UNTIL RALL SET LINE ORAWING MODE FLAG FOR CONNECTING
POTINTS HAVE SEQUENTTIAL POINTS = KOUNT
SET LINE DRAWING MODE FLAG FOR
BEEN RERD CONNECTING ALTERNATING POINTS = (@]
CLOSE DO FOR ERCH POINT TO BE CONNECTED
COMPONENT SEQUENTIALLY
LORAD ARRAY X. Ye 2 ELEMENT KOUNT. WITH
FILE DATA X. Y. 2% SCAL. FRCT
RETURN
END

oriainAL PAGE 18

OF POOR QUALITY,
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1.3.28 ORIENT

ORIENT is called from most of the build options in INITDRVR, allowing
the user to reposition components. The user can input a rotation se-

quence consisting of rotation axes and angles, and a translation vector
to position the origin of the component within the reference coordinate
system. MAT is called to compute the total rotation transformation ma-
trix, and MATVEC to transform vectors from the new coordinate system to
the reference system. The translation vector is then added to each set

of coordinates.

SUBROUTINE ORIENT

ASK USER IF ROTARTIONS AND TRANSLATION
ARE REQUIRED OR ONLY TRANSLATION

T ROTATIONS ARE REQUIRED

PROMPT USER FOR ROTARTION
AXTIS

PROMPT USER FOR ROTATION
ANGLE

DO UNTIL USER STOP

CALL MART TO CRLCULATE
TRANSFORMATION MATRIX

CALL. MARTVEC TO TRANSFORM LINES OF
GRAPHICS REPRESENTRTION

INULL)

PROMPT USER FOR X, Y. RNDO Z TRANSLAIONS

ADD TRANSLATIONS TO GRAPHICS REPRESENTATION
VARIABLES

RETURN

END
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1.3.29 MAT

Subroutine MAT is called during the system definition function to com-
pute the total rotation transformation matrix defined by the input ro-
tation sequence and angles. MAT is called from subroutine ORIENT. The
rotation sequence passed to it determines the transformation matrix

from the component system to the reference system it calculates. The

transpose (inverse) of the normal X,Y and Z-axis rotation matrices are
used. For each rotation in the input sequence, the axis rotation matrix

is loaded and premultiplied with the current total transformation
matrix.

SUBROUTINE MAT
I = O
T = I +~ 1
NG = USER INPUT ROTRTION ANG TO ORIENT LINK IN CURKRENT COORD. SVYa.
ZERDO RMAT INTERMEDIRTE ROTARTION MARTRIX

T ROTATION AXIS IS X-—-AXIS
RMAT (1. 13 = 1.
RMAT (2. 1 = CON (ANG)
RMAT (2. 31 = —SIN (ANG)
RMAT (3. 3 = SIN (RNG)
RMAT (3. 31 = COS (ANG)

N ROTATION AXIS IS Y—AXIS Z
RMAT (1, 1] = COS (ANG)
RMAT (1. 3) m SIN (RNG)
RMAT (2. 2) = 1.
RMAT (3. 13 = —=SIN (ANG]
RMRT (3, 3) = CO0S (ANG)

S ROTATION AXIS IS Z—AXIS Z
RMAT (1. 1) COS (ANG)
RMAT (1, 2) —SIN (ANG)
RMAT (2. 1) STN (ANG]
RMAT (2. 2) COoS (ANG]

RMAT (3. 3) = 1.

CONCATENATE TRANS MATRIX WITH RMART AND LOARD INTO TRANS

DO UNTIL I . EQ. 3
DUTPUT TRANS MATRIX PRODUCT
RETURN
END

(NULL)

(NULL)

(NULL)
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1.3.30 MATVEC

Subroutine MATVEC is called during the system definition function to
provide matrix/vector multiplication. The routine is called from
ORIENT. The vector A is multiplied by the matrix TRANS to produce out-
put vector B. Note that this matrix/vector multiplication is 3-D only.

SUBROUTINE MATVEC

I = 0O
I = I + 1
J = 0
B (I) = PRODUCT OF MARTRIX TRANS.
ELMT. (I. JI 3+ VECTOR A. ELMT. (W
DO UNTIL J .EQ. 3

00 UNTIL I . EQ. 3

RETURN

END
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1.3.31 DRAW

Subroutine DRAW is called within the system definition function to pro-

vide the graphics display during the generation of arm, load or environ-
ment detailed representations. It is called to display each successive

component as it is defined. The routine logic is controlled by flag in-
puts specifying initialization (at which time base/link/tool transforma-
tion matrix concatenations to the system are performed), component draw=
ing, or component modification world.

SUBROUTINE DORAW
SET PROCESSOR MODE = 1. FOR _SYSTEM DEFINITION
SET SCALE FACTOR. IFACT = 1000. /ARM SPAN

T INITIALIZING DISFPLAY -
S FIRST LINK  OR BASE
OO FOR BASE. ALL LINKS AND TOOL RO BB TR
TALL T TO SET UP MAT on TE SveTEes 1 (NULLY TO IDENTITY
TERO INTEGER TRANSLATION AND ROTATION VALUES

DISPLAY WINDOW 9PAN = SCALED ARM_ SPAN CALL OTALS TO

SET WINDOW BOUNDCARIES STATUS ANALOG

Rl COLOR COORDINATED BRSE AXES SYSTEM (RED—Xe WHIT—Y. SLU-D CONTROL DIRLS
T DRAIWING NEW OR RERPLRARCING COMPONENT =
DISPLAY WINDOW SPAN = SCRLED ARM SPAN

SET WINDOOW BOUNDARRIES
SET CURRENT PICTURE PROCESSOR TRANSFORMATION
DC FOR ALL LINKS ETC.} AND COMPONENTS BEFORE CURRENT COMP.

DRAW COLOR COOROINATED AXES SYSTEM (RED—X. WHIT-Y. SLU-2
SET NUMBER OF COMPONENTS IN LINK PARARAMETER
DO FOR ERCH COMPONENT IN LINK

s=T GRAPHICS FLAGS FOR SEQUENTIAL AND ALTERNATING PTS.

CALL D3DATAR Ta DOISPLAY COMPONENT
SET COUNTER FOR LAST ARM OBJECT ARRAY LOCATION USED

SET GRAPHICS FLAGS FOR SEQUENTIAL AND ALTERNATING PTS.
CALL O30CATA TO DISPLRAY COMPONENT
SET COUNTER FOR LAST ARM OBJECT ARRAY LOCATION USED
CLOSE AND REPLACE SEGMENT
RETURN
END

(NULL)

OOl Gt d

OF F
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1.3.32 ESMAT

Subroutine ESMAT uses Evans and Sutherland graphics routines to con-~
struct the required transformation matrices from each system section
coordinate system to the graphics coordinate system. Input argument K
specifies which system section is under consideration. It is called
during execution of the system definition function. It is called from
subroutine DRAW to compute the required transformation matrices for each
system section. The robotic system has section coordinate systems for
the base, each joint/link, and the end-effector. An input value of K=1
indicates the robotic system base. The transformation matrix is com-

'posed of a translation matrix based on the base location and rotation

matrices constructed using the base orientation parameters. A value of
K from 2 to the number of links plus 1 (NJ+1) indicates the (K-1)th
joint/link. All transformation matrices from each of the sectiomns to
the previous joint (or base, if the current joint is the first joint)
are concatenated to form the total transformation matrix to the graphics
coordinate system. Each joint transformation matrix is composed of a
translation matrix based on the joint position, a rotation matrix based
on the initial joint angular displacement, and rotation matrices for
joint orientation. A value of K=NJ+2 indicates the end-effector system.
The transformation matrix for the end-effector is composed of a trans-
lation matrix, and rotation matrices for end~effector orientation. The
end-effector location and orientation are specified relative to the
coordinate system of the final joint in the system.

SUBROUTINE ESMRAT

RRM BRSE

T
SCALE BASE LOCATION BY IFACT AND LOARD INTO INTEGER ARRAY

CALL TTRAN FOR PICTURE PROCESSOR TRANSFORMATION MATRIX
EXTRACT ROTATION AXES UBED IN ORIENTING. FROM JOINT SEQUENCE ARRAY
EXTRACT Xe Y. Z ROT. ANGLES USED IN ORIENTING. FROM JT. ANGLE ARRAY
CALL TROTXs —Y OR -2 LITH INTEGER ANG. TO ROTATE TRANSFORMATION
CTALL TOET TO LOFD MATIRIX MARAY WITH CURRENT PICTURE PROCESSOR TRANS.

(NULL)

T ONE OF THE ARM JOINTS

SCALE JT. LOCATION B8Y IFACT AND LLOAD INTO INTEGER ARRAY
CALL TTRAN FOR PICTURE PROCESSOR TRANSFORMATION MATRIX
EXTRACT OFFSET JT. ANG. FROM JOINT VARIABLE RARRAY
CALL TROTX OR =Y WITH JT. ANG. TO ROTATE TRANSFORMATION
EXTRACT ROTATION AXES USED IN ORTENTING. FROM JOINT SEQUENCE ARRSY
EXTRACT X, Y. 2 ROT. ANGLES USED IN ORIENTING. FROM JT. ANGLE ARRAY
CALL TROTX. =Y OR —# WITH INTEGER ANG. TO ROTATE TRANSFORMATION
CALL TGET TO LOAD MATRAIX ARRAY WITH CURRENT PICTURE PROCESSOR TRANS.

(NULL)

> ARM TOOL

SCALE TOOL LOCATION 8Y IFRACT AND LOAD INTGO INTEGER
RRRAY

CALL TTRAN FOR PICTURE PROCESSOR TRANSFORMARTION MATRIX

EXTRACT ROTATION AXES USED IN ORIENTING. FROM JOINT
SEQUENCE ARRAY

EXTRACT X. Y. F ROT. ANGLES USED IN ORIENTING. FROM JT.

ANGLE RARRAY
CALL TROTX. —Y OR -2 WITH INTEGER ANG. TO ROTATE

TRANSFORMRTION

CALL TGET TO LORD MATRIX ARRAY WITH CURRENT PICTURE
PROCESSOR TRANS.

(NULL)

RETURN

END
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1.3.33 DBAS

Subroutine DBAS is called within the system definition function during
detailed graphics representation generation. For the subroutine, input
calling argument IMAN specifies environment, robotic system component
or load objects file consideration. Graphics object data IOBJBK are
loaded for robotic system components, LGRAFBK is loaded for load compo-
nents, and ENVTBK is loaded for environment components. The manner in
which the data are stored in the COMMON blocks is dictated by the data

format used in Evans and Sutherland graphics routine D3DATA.

SUBROUTINE DBRS

7 FIRST COMPONENT IN DISPLAY SYSTEM

TCOUNT == O,

]

CNULL)

DOCARSE
DEFINING ROBOT ARM

OEFINING ENVIRONMENT

SET SCRLE FACTOR = 1000. /ARM
SPAN

SET NUMBER OF

SET NUMBER OF COMPONENTS IN
CURRENT LINK PRARAMETER

COMPONENTS IN
ENV. PRRAMETER

SEFT START LOCATION IN ARM OBJECT ARAAY FODR
CIRENT SOMPONENT

SET SCRLE FACTOR
- 1000. /L.ORO SPAN

LORD ARM OBUECT ARRAY. ELEMENT 1+ICOUNT.
WITH NUM, EQUENTIAL PTS.

SET START LOCATION
IN ENV. OBJECT ARRAY
FOR CLUMRRENT COMPONENT

LORD ARM OBJ. ARRRY, ELEMENT 2+ THRU 3+
ICOUNT, W/ LINE CONNECT FLAGS

SET NUMBER OF
COMPONENTS IN
LOARD PARARAMETER

SET STRART

LOAD ENV. OBJ.

TCOUNT = ICCUNT =+ 3

ARRAY FOR
GRAPHICS FLAGS

DO FOR EACH SEQUENTIAL PT.

LOAD ARM OB.L AR . ELMNTR. 1+ THRU 3
ZCOUNT, W/ SCALED ARM OBJ. ORTA

TCOUNT = ICOUNT + 3

LOCARTION IN LOAD -
OBJECT ARRAY FOR
CURRENT COMPCNENT

LOARD LORD 08J.

LORC ENV. 08dJd.
ARRAY FOR
SEQUENTIAL

POINTS

ARRAY FOR
GRAPHICS FLAGS

LORD LORC OB.l.
ARRAY FOR

LOAE ARM OBJ. ARRAY FOR GREPHICS FLAGS MoK
ALTERANATING POINTS

LORD ENV. 08d.
ARRAY FOR

TCOUNT = ICOUNT -+~ 3

GRAPHICS FLRAGS

DO FOR ERCH AL TERNATING PT.

LOAD ARM OB RRR. ., ELMNTS. 1 B
ICOUNT. W/ SCALED RRM OBJ. DATA

SEQUENTIRAL POINTS

LORD LORD O0BJ.
ARRARY FOR

LOAD ENV. 0BdJd.
RARRAY FOR
ALTERNATING

POINTS

GRAPHICS FLAGS

LORR LWORD OoB.d.
ARRAY FCR
ALTERNATING

TCOUNT = ICOUNT ~+ 3

SET COUNTER
FOR LRAST ENV.

SET COUNTER FOR LAST ARM
OBJECT ARRARY LOCAKATION USED

OBUECT RRRAY

POINTS

SET COUNTER FOR
LAST LORC OBJECT
ARRAY LOCATION

_OCATION USED USED
RE TURN
END
QL. oo
OF PCLL L o0




l.4.1 CVTUNIT

‘ Subroutine CVTUNIT is responsible for the conversion of input data from
I/0 units to internal mathematical units. Each data value VAL is multi-

plied by CONUNIT(IDIM) and replaced in VAL.

SUBROUTINE CVTUNIT

DO FOR EACH VALUE TO BE CONVERTED

VALUE = VALUE TIMES APPROPRIRARTE
‘ COMPONENT OF CONUNIT
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1.4.2 MATMPY

Subroutine MATMPY performs the multiplication of two matrices, AB=C,
where A has I rows and J columns, the dimension of B is JxK and C is

IxK. The matrices and their sizes are passed to subroutine as calling
arguments.

SUBROUTINE MARTMPY

C (IROW, TCOL) = 0. O

R = A (TROW. ICNT) »*B (ICNT. ICOL)

C (IROW., TCOL) = C (IROW, ICOL) +R

DO UNTIL ICNT = NUMBER OF
COLUMNS IN MATRIX A (ROWS IN B)

DO UNTIL ICOL = NUMBER OF
COLUMNS IN SECOND MARTRIX B

DO UNTIL IROW = NUMBER OF ROWS IN
FIRST MATRIX A

RETURN

END
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1l.4.3

ERRMSG

Subroutine ERRMSG is called when certain errors occur during ROBSIM
execution. The routine first displays the current operating mode
(i.e., system definition, analysis, or postprocessing). The routine
searches the file ERROR.DAT for an error message corresponding to the
error number passed to it. The message is typed at the terminal and
execution returns to the calling routine, from which it continues or
terminates depending on whether the error is fatal.

SUBROUTINE ERRMSG

DISPLAY WHICH SECTION OF ROBSIM
ERROR OCCURRED IN

OPEN ERROR thEESESF?ESEE FILE

SEARCH FILE FOR APPROPRIRTE MESSAGE

MESSRGE FOUND

n
OTsSPLAY STARATEMENT

“R{E%§ﬁ§§”? THART APPROPRIATE
MESSAGE NOT FOUND

CLOSE ERROR MESSRARGE FILE

RETURN

END
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1.4.4 ROTMAT

ROTMAT computes a rotation matrix from a sequence of up to three rota-
tions about coordinate axes. It decomposes the input calling argument °
JSEQ into three successive rotation axes, computes each corresponding
rotation matrix from the specified angles of rotation and combines these
successively to find the overall rotation matrix.

SUBROUTINE ROTMAT
INITIALIZFE ARRAY T2 (3. 3) TO AN
IDENTITY MATRIX

DETERMINE INDIVIDUARL ROTATION AXES
(TJO (I

TJO (I3 .NE. O
T\ F
CALL CETM TO FIND THE )
TRANSFORMATION MATRIX
T1 (8. 3) FOR A SINGLE ROTARTION

CRLL MATMPY TO COMBINE (NULLD
NEW MATRIX T1 WITH OLD
MATRIX T2

DO UNTIL I=3

PUT RESULT IN RRRAY RM (3. 3)

RETURN

END

}
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1'4.5

CETM

Subroutine CETM calculates a transformation matrix for a specific input
axis of rotation and rotation angle by the use of appropriate direction

cosines matrix. The calling argument input is:

Symbol Type Dim. Definition

IAXIS I*4 1 Rotation axis for joint orientation
= 1, Rotation about x-axis
= 2, Rotation about y=-axis

3, Rotation about z-axis

TH R*4 1 Rotation angle for joint orientation

SUBROUTINE CETM

INITIARLIZE T1 TO ZERO MATRIX

DOCASE IHRXIS
EQURLS

H
\V)
W

= =) =]

E O o & v o e = )
=5 = =5 = w— 5 =

HN=ZPno Nz 2SS HN=ZP s —
= J — = = i el = J — =

225 | @8- | E8-&FE =
oE,. %5 | 2E.+5 =

T O B = T S S == TS =5 =t
g8 =i g8 —
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1.4.6 LOGO

The LOGO routine calculates data points required to output the Martin
Marietta logo, and displays it on the robotic simulation E&S graphics
display. It extracts from the data points file LOGO.DAT, the Martin
Marietta company logo, scales and displays the logo for the robotic
graphics simulation.

SUBROUTINE LOGO
OPEN LOGO DATAR FILE
READ ALL OF LOGO DATA INTO INTEGER DRATA ARRAY
CLOSE LOGO DRTR FILE
SET INTEGER STEP VQLQE”TO 80 /INPUT SIZE
D0 FOR EACH DARTA HORIZONTAL PIXEL.
L. = O )

INCREMENT I :
INTEGER X ¥ VALUES = (OATAR ARRAY ELMT, »INPUT SIEE] -+ INITIAL X Y
5 INTEGER Z VALUE = INITIAL Z
;V L = L =+ 1
SET GOUTPUT LOGO PRRAY X. v. & ELEMENT L. TO X. Y. =Z
SET START AND STOP POINTS LOOP PARAMETERS

' J = O
DO WHTLE L. NUMBER OF POINTS IN LOGO. .LE. SO00

Jd = J + 1

DETERMINE RATIO TO U;E IN OUTPUTTING LOGO POINTS
REWRITE INTEGER X VALUE = INTEGER X # RATIO E
,nom'r::_.x -« @T. sro#wm. FROM STRAT LOOP PRAM.. AT STEP VALLE
SET LINE GENERRARTOR FLQGS FOR GRHPHICS OISPLAY ROUTINE
[DISPL_FIY CURRENT GRAPHICS DATA ARRAY= ORAW sSCcCARLED LOGO

RETURN
END
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1.4.7 CRPD

Subroutine CRPD computes the cross—-product of two vectors A and B, each
containing three components. The result is put into the vector C.

SUBROUTINE CRPD

C (1) = A (2) *B (3) —A (3] »*B (2

C(2) = R (3) »B (1) —A (1] B (3]

C(3) = A (1) »B (2) —A (2] »B (1]

RETURN

END
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The Analysis Tools Function

The program SIMDRVR is the analysis tools function driver. The following
set of routine functional descriptions and VCLRs (visual control logic repre-
sentations) are the modules found in the analysis tools function of ROBSIM.

2.0 '
SIMDRVR
1.1.1[ 1.1.2] 2.1.1| 2.1.2 2.1.3| 2,1,4| 1.4,ﬂ
SETLV L8R_HELP RDSYS SGMNT REQUIR RESPON ERRMSG
- ERRSMG
1,4,1r 1.2.11[ 1.4.3[ 1.4.4 2.2.1| 2.4]
CVTUNIT SETUP ERRMSG ROTMAT FTIN OUTUN
- CETM - ERRMSG

(o - o= m am am o e - | = - = — - MATMPY
| 1.2.12 !
[ SETUP2 '
| [ - =
| |
| 1 3.18] 1.4.2[ 1.4.5[ 1.3H |
| BASPUT MATMPY CETM JACOB :
| - MATMPY |
| ~ CRPD 1

l
| |
b m e e e e e e - e = e e = = = — J

*Used often, so referred to by * in subsequent flowcharts.

Figure B-8. - Functional block diagram for SIIMDRVR.
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TABLE B-VI. - PROGRAMS EMPLOYED IN SIMDRVR

N
o

e e el
. o

NN
L]
ESN N S o

.
.

" o o e o o o
NN RNDNNDND
e o e & o 0

.
.

DO

e e o & o o &
[CIINCH SO SR SR SR S S S SR
e o o & e o s 0

MO FEFRERERRPRPHERRPRFRFEPECONOUBEWNDER
RCcwo~NouUupaWwWNEO

NN NBNBNNNNDNN
*» o .
. »

SIMDRVR 2.2.22. INTGRT 2.3.26  FORTOR
2.2.23 ENDSIM 2.3.27 FORREF
RDSYS 2.3.28 CMPCTRL
SGMNT 2.3.1  SEGINIT 2.3.29 PIDCON
REQUIR 2.3.2  GRASP 2.3.30 PIDFOR
RESPON 2.3.3  RELEAS 2.3.31 EFINRI2
2.3.4  ESCNTRL 2.3.32 NLINK
FTIN 2.3.5  POSSPJT 2.3.33  SIMLMT
REQOPT 2.3.6  RCNIRL 2.3.34  STOPFR
PRTARM 2.3.7  RATEPRO 2.3.35 ACTIVPIH
GRAFIX 2.3.8  PCNIRL 2.3.36  DRTORQ
CNTRLR 2.3.9  CABSM 2.3.37 EFINRT
SPRGINC 2.3.10 FORCE 2.3.38  SLVTHDD
CHKLMT 2.3.11 TORQUE 2.3.39  LININT
DYNAM 2.3.12 ACTORQ 2.3.40 LDVOLT
VOLTAGE 2.3.13  REQPRT 2.3.41 CALCI
OUTREQ 2.3.14 REQSOF 2.3.42 SOLVE
ESPAUS 2.3.15 REQTRQ 2.3.43  GAUSS
ENDREQ 2.3.16  REQPLT
SIMOPT 2.3.17 POSGRDJT 2.4.1  SLVLIN2’
INITCO 2.3.18  JTPOS 2.4.2  REPCOL
DEFCNST 2.3.19 CVTIN 2.4.3  ORERR
PIDINIT 2.3.20 SPRGFOR 2.4.4  OUTUN
OUTSIM 2.2.21  CNSTFOR 2.4.5  ICVTATD
CNTRSIG 2.3.22 PTACC
CONTROL 2.3.23  POSSENS
SETCNST 2.3.24  SIMPRT
DERIV 2.3.25 SIMPLT
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2.0 SIMDRVR

The program SIMDRVR is the analysis tools function driver. It operates
in an interactive mode, prompting the user for the analysis option de- ‘
sired: requirements analysis without graphics, requirements analysis

with graphics (a display of system motion during program execution), re-

sponse simulation analysis without graphics, response simulation analy-

sis with graphics, option to set up a motion program Or terminate

SIMDRVR execution.

PROGRAM SIMDRVR

SET PROCESSOR MODE = 2. FOR RANALYSIS TOOLS FUNCTION

SET ERROR CODE = O

CALL SETLU TO SET PROGRAM DEFAULT LOGICAL UNIT NUMBERS

PROMPT USER FOR OPERARTION MODE. IMODE
RERD USER RESPONSE
IMODE = 911 =

T
= CALL RDSYS TO OPEN,. READ,. AND CLOSE SYSTEM DRATR FILE
§ g DO CRSE ON CPERRTION MODE

[

= 9

o < DOCRSE

o b

= =

=|: E' IMODE IMgDEn&gT. ITMODE

&= O] .LE. 2 IMODE .LT. S = 5

— a

:i g CALL REQUIR TO CALL RESPON TO T%HLéL‘ETSGu’;NL WRITE

s e TOUIREMENTS STMLLATION WHITH MOTION ERROR

DO UNTIL OPERATION MODE DESIRED IS TO TERMINATE SIMDRVR EXECUTION

sSTOP
END

ORIGINAL PAGE 1S
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2.1.1 RDSYS

Subroutine RDSYS is called from SIMDRVR to input the manipulator system
definition data needed to run any of the SIMDRVR analysis options. The
routine first prompts the user for the name of the file containing the
system's data and then opens that file. Geometric properties, mass pro-
perties, actuator properties, and special joint data for each arm are
read in, as well as system graphics data and the definition of gravity
for the system. If the system contains an environment, the data descri-
bing it are read in. If load objects are also to be included, the data
describing them are read in. End-effector data for each arm is the last
information to be read. After that, the file is closed and saved.

SUBROUTINE RDSYS

PROMPT FOR NAME OF SYSTEM DRTR FILE

OPEN SYSTEM DATAHR FILE

RERD INPUT AND OUTPUT UNITS

RERD NARM (NUMBER OF ARMS TIN SYSTEM)

READ ARM GEOMETRIC PROPERTIES

READ ARM MASS PROPERTIES

READ ACTURTOR PROPERTIES

RERD SPECIAL JOINT DARTAR

DO UNTIL KARM = NARM

READ SYSTEM GRAPHICS DATAH

READ GRAVITY

DNUNUMBER OF ENVIRONMENT COMPONENTS . NE. O =

READ ENVIRONMENT DRTA | (NULL)
T NUMBER OF LORD OBJECTS . NE. O “

RERD LORD OBJECTS DRTAH
READ LOAD OBJECTS GRAPHICS DRATA

(NULL)

READ TOOL DARTA FOR ERCH ARM

DISPLAY MESSAGE THAT FILE RERD RAND COMMON BLOCKS LORDED

CLOSE AND SAVE FILE

RETURN

END
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2.1.2 SGMNT

Subroutine SGMNT allows the user to set up the desired motion profile
for a requirements analysis or response simulation run. It is called
from SIMDRVR. An existing motion profile file may be read in and modi-
fied or the profile may be defined interactively. Motion is specified
in one of four ways:

1) Desired position of end-effector;
2) Desired position of each joint;
3) Rate of end-effector movement;

4) Rate of each joint.

Several nonmotion-type operations such as grasp a load object, release
object and wait a given length of time may also be specified.

SUBROUTINE SGMNT

DOCRSE
INPUT DRTR FROM PRINT A
MODIFY EXISTING FILE T ENMINAL L E
F’ROMF;;L%IS\ETAEFOR PROMPT USER —= i
FOR FILLENRAME —_— 0 =
PRINT INITIAL % (Wl %
JOINT ANGLES PROMET FOR == ol
ALLOW USER TO NITIAL ==l =]
MODIFY ANGLES JOINT ANGLES | B LT &
CALL SETUP CALL SETUP SR
READ AND DISPLAY — =
CURRENT SEGMENT DATA == e ‘cz_:)___ P
ALLOW USER TO MOD. = = = = P
DELETE OR INSERT DATAR T & oud Fles &2 = | 55
DO UNTIL ALL EXISTING PROMPT .
SEGMENTS REVIEWED USER —_ S| &
= =1 =
ENTER MORE DATA - = w | B
T SEGMENTS Fl |lasumms | = (D2 &5 &2
ST ENTERED Y - A —
g~ M (NUL L) = :z: E =
8 X =
DO UNTIL USER DO UNTLL ESSE=
STOP USER STOP R =
DO UNTIL KARM . EQ. NUMBR OF ARMS
RETURN
END
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2.1.3 REQUIR

Subroutine REQUIR is called from SIMDRVR and is the routine that con-
trols the execution of any requirements analysis run. It first calls
REQOPT to set up program run time options. If requested PRTARM is
called to write a description of the system to an output file. SETUP
is called to calculate initial positions. GRAFIX is called if the run
is to include graphic displays. The subroutines CNTRLR, SPRGINC,
CHKLMT, DYNAM and OUTREQ are called at every increment of a user-defined
time loop to calculate the manipulator system's motion, forces and tor-
ques, and write these data to an output file. ESPAUS is called when
motion is temporarily halted during execution. When the stop time is
reached, ENDREQ is called to close any open files.

SUBROUTINE REQUIR

CALL REQOPT TO SET OR MOD PROGRAM OPTIONS

X

IPRINT . LE. 2

CALL PRTARM TO WRITE DATRA TO FILE | (INUL L)

T

IMODE . EQ. 2

SET GRAPHICS FLAGS

NUL L CALL SETUP

CALL GRRFIX

CALL CNTRLR TO COMPUTE MOTION FROM TIME HISTORIES

CRLL SPRGINC TO GET SPRING FORCES IF NEEDED

> IDYNM . EQ. 1

F'
CALL CHKLMT
CALL DYNAM FOR DYNAMICS CALL CHKLMT
CALL OUTREGQ TO OUTPUT RESULTS
T IMODE . EQ@. 2 7

SET GRAPHICS FLAGS
NUL L

ALLOW USER TO STOFP MOTION
AND VIEW SYSTEM

DO UNTIL TIME .EQ. STORP TIME

CALL ENDREQ TO CLOSE FILES

IMODE . NE. 3

NUL L | CRLL GRAFIX

RETURN

END
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2.1.4 RESPON

response simulation run. Run time options and program variables are
first initialized. A user-defined time loop is executed to call rou-
tines to carry out all the control functions. After execution is com-
pleted, ENDSIM is called to close the files.

Subroutine RESPON is called from SIMDRVR to control the execution of a ‘

SUBRAOUTINE RESPON
CALL SIMOPT 10O DEFINE PROGRAM RUN OPTIONS
CALL INITCO TO DEFINE INITIAL CONDITIONS
CRLL DEFCNST TC DEFINE A CONSTRAINT PLANE IF DESIRED

5 PID CONTROL IS USED %
FORM INITIAL STATE VECTOR AND DERIVATIVE

T ARM OUTPUT DRTAR REQUESTED 4

CALL SATAMM TO WAITE INITIAL ARM DATR | CNULL)

INITIALIZE TIME, TOL, AND THDD
CALL DYNARM FOR INITIAL DYNAMICS CRLCULATIONS
CALL GRAFIX IF GRAPHICS REQUESTED
CALL OUTSIM TO WRITE START TIME DARTAH
T PID CONTROL IS USED r
CRALL CNTRSIG. CONTROL. AND SETCNST { CNULL)
RESET STATE VECTORS AND DERIVATIVES IF NECESSRARY

CALL INTGRT TO PERFORM INTEGRATION
CALL ESPAUS ANDO GRAFIX IF GRAPHICS ARE IN USE
CALL DYNAM FOR DYNAMICS CALCULATIONS

SET END EFFECTOR FORCES RND TORQUES

CALL OUTSIM TO WRITE CUTPUT DATAH

DO UNTIL TIME .EQ. STOP TIME
CALL ENDSIM 7O CLOSE FILES -
CALL GRAPFIX TO TERMINRTE GRAPHICS IF USED
RETURN
END

. roemte n
.y f

Sty wy o & F 2N S |y
[SURT I BT ‘s S LV
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2.2.1 FTIN

Subroutine FTIN is called from SGMNT if force/torque or active compli-
ance control was specified by the user. If force/torque control was
specified, the user is prompted for the number of force and torque com-
ponents to be controlled, the unit vectors in the directions to be con-
trolled and the magnitude of the control force or torque. If active
compliance control was specified, the user is prompted for the stiffness
matrix at the end-effector reference point.

SUBROUTINE FTIN

N IOP .EQ. S c
PROMPT USER FOR FORCE.TORGUE CONTROL ON/OFF
FLAG
T TURN FORCE/TORQUE CONTROL ON =
PROMPT USER FOR NUMBER OF FORCE
COMPONENTS TO CONTROL

PROMPT USER FOR CONTROL DIRECTION

PROMPT USER FOR MAGNITUDE OF CONTROL FORCE :
DO UNTIL N . EGQ. NUMBER OF CONTROLLED — =
FORCE COMPONENTS = =

PROMPT USER FOR NUMBER OF TORGUE = -

COMPONENTS TO CONTROL =
PROMPT USER FOR CONTROL DIRECTION
PROMPT USER FOR MAGNITUDE OF CONTROL
 TORGUE
DO UNTIL N .EQ. NUMBER OF CONTROLLED
TORQUE COMPONENTS
3 . IOP .EQ@. B -
PROMPT WUSER FOR COMPLIANCE CONTROL ON/7OFF FLAG
. TURN COMPLIANCE CONTROL ON - (INUL L)
P s TR | (INUL L)
RETURN
END
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2.2.2 REQOPT

Subroutine REQOPT is called from REQUIR to define requirements analysis
run time options. The user may list current options and use them or in-
put a new set of options. Options the user may set include run time
data file write, file of joint torques, control method to be used, exe-
cution of dynamics calculations, output file for later replay on a vec-
tor graphics system, output file for parameter plots, start time, stop
time, and processing stepsize.

SUBROUTINE REQOPT

l
|
i
e
|

INPUT OF 011 3
CALL LBA—HHELP AND RESPROMET FOR MOO. CATEGORY I INLALL.3
DoCheR
T | TNPUT MOD CRTEGORY IS 2 ey 0 o
~ PROMPT FOR MODIFICATION TO PRINT OUTPUT LEVEL OPEN ALL
= > PRINT OPTION IS DESIRED = DESIRED
b— PROMBT FOR FILE NAME OF PRINT OUTRUT T FILES., SET
E PROMPT FOR TIME STEP GETHERN PRINTED AESLA.TS { (NUL L) oPT. FLAGS
== PROMPT FOR MOD. TO TORGUE OUTPUT DATA OPTION E g
e I~ TORQUE OUTPUT FILE DESIRED 4 E,g -
= [PROMPT FOR FILE NAME OF TORGUE OUTPUT T (NULLD T a F =
L o= [PROMPT FOR CONTROL. METHOD FOR REQ. S$TIM. START b
: 8 T CONTROL VIA INPUT ACC-VEL~THETA INPUT MILE TIME FROM -]
— L [proeT Fom cavy Fme eem T (NOLL) FILE — =8
S S [FROMPT FOR MOD. TO DYNAMICS COMPUTATIONS OPTION [E—— e
¢ —, |[PROMPT FOR MOD. TO SIM. OUTPUT FILE OPTION G Pos. . Eé = E
S 23 .SOF _OUTPUT FILE IS DESIRED Z] ve—. e | Z | = (&
PROMPT FOR FILE NAME OF OUTPUT . 80F FILE I
= S5 [PROMPT FOR TIME STEP FOR . @OF FILE 1 (NUL L] REWIND i
= I [PROMPT FOR MOD. TGO PLOT OQUTPUT FILE OPTION . AVT
= <_ . PLT OUTPUT FILE IS DESIRED > FILE
§ | SMOMPT FOR FILE NAME OF OUTPUT . PLT FILE [NU'_I_] m/gnmw.
= PROMPT FOR TIME STEP FOR (PLT FLLE SPUNAMEK. m
- PROMPT FOR REQ. STM. START TIME L OSE AND
= PROMPT FOR REQG. SIM. STOP TIME SEve meo.
— PROMPT FOR PROCESSING STEP SIZE OPT. FILE
TS R RS PR
R
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2.2.3 PRTARM

Subroutine PRTARM is called form either REQUIR or RESPON when the flag
for printed output of that analysis is set. This routine prints a de-
scription of the manipulator system that includes the following vari-
ables: current arm number and number of joints per arm, type and mass
of each joint, initial angular positions and velocities of each joint,
joint travel and rate limits, joint/link centroid locations, joint lo-
cation relative to previous joint, inertia matrix for each joint, orien-
tation matrix for each joint relative to previous joint, span of the
whole system, and the acceleration attributable to gravity.

SUBROUTINE PRTARM

WRITE CURRENT ARM NUMBER AND THE
NUMBER OF JOINTS PER ARM

WRITE THE TYPE AND MASS OF EARACH JOINT

CONVERT DATAR 70 BE WRITTEN FROM
INTERNAL TO INPUT /0UTPUT UNITS

WRITE JOINT INITIAL ANGUL.ARAR POSITIONS
AND VELOCITIES

WRITE JOINT TRAVEL AND RATE LIMITS

WRITE JOINT/LINK CENTROID LOCARTIONS

WRITE JOINT LOCATIONS RELATIVE TO
PREVIOUS JOINT

WRITE INERTIAR MATRICES FOR JOINT/LINK
COMBINRATIONS

WRITE ORIENTARTION MATRICES FOR ERCH
JOINT RELATIVE TO PREVIOUS JOINT

DO UNTIL KARM = NUMBER OF ARMS IN THE SYSTEM

WRITE TOTAL SYSTEM SPAN

WRITE RCCELERATION DUE TO GRRARVITY

RETURN

END

B-104



2.2.4 GRAFIX

Subroutine GRAFIX provides the motion graphics capability in the force/

torque requirements analysis tools and postprocessing functions.

GRAFIX

displays the environment, load and robotic system motion within the en-
vironment. If IFLAG=1, the graphics system is initialized and displayed
in the initial condition; if IFLAG=2, the display is updated to the cur-
rent time step condition; if IFLAG=3, the motion is complete and the

graphics are terminated.

SUBROUTINE GRAFIX

(NULL)

(NUL L]

ettt et et
SET PICTURE PROCESSOR TRANS. TO IDENTITY

et DU M e
I FIRST ARM

|

i CRLL. DRTOUT TO CUTFUT EVAND AND SUTH. CISMAY TEXT DWTA l TNJL L)
|

i

SET WUINDOW BOUNDRRIES AND PICTURE PROCESSOR TRANS,

"~ SROCESSING FIRST PRM AND ENVIRONMENT ORTA EXISTS

gmmmmn&mm

3. B0 n-amt ot M B e

ML, CHEINTRA TO CGREMAY CEDOTHENT

e AR TIIN PO LT RV, GG RSN _LOCHTIGN LD

S PROCESSTNG FIRST ARM AND LOAD OBJECTS DRATA TEXISTS

D0 FOR EACH LORD OBJECT

i SET TRANS. AND ROT. SASED ON ALDLOC AND ALDOR MATRICES

SET NUMBER OF COMPONENTS IN LOAD PRRAMETER

‘ DO FDR EFRCH COMPONENT IN LORO

SET GRAPHICS FLAGS FOR SEQUENTIAL ANC ALTERNATING PTS.

e S —— e ———————————— e

CALL D3DATA TO OISPLAY COMPONENT

SET COUNTER FOR LAST LORDS OBJECT ARRAY LOCATION USED

DO FOR BASE. EARCH LINK, RAND TODL OF CURRENT ARM

e A emalihaneetd e — e
| SET TRANS. AND ROT. MATRICES BASED ON POS AND ROT MATRICES

SET NUMBER OF COMPONENTS IN LINK PRREMETER

DC FOR ERCH COMPONENT TN LINK

SET GRAPHICS FLAGS FOR SEGUENTIAL RAND ALTERNATING PTS.

CALL D30RATA TO DISPLAY COMPONENT

SET COUNTER FOR LAST ARM OBJECT ARRAY LOCATION USED

(NULL)

CLOSE AND REPLACE SEGMENT

DO UNTIL AL ARME HAVE BEEN OTSPLAYED

i R T F s i Ty o ey 1
' L PUTER TO TIDeWE_ Ve D SUheR.es 1

(NULL.3

-

e

UREG[;{;{& fig e

PR ]
UL 6

| OF POOR QUALITY

B-105




2.2.5 CNTRLR

Subroutine CNTRLR is called from REQUIR to obtain the angular positionm,
velocity, and acceleration for each joint of each arm at each processing
time step. If the variable IDATA was set to 1 earlier, the data are ob-
tained by reading an existing file that contains just those data. If
IDATA equals 2, the values are calculated from the motion profiles.
Subroutine PCNTRL is called for the position control calculations and
RCNTRL is called for the rate control calculations. IDATA equal to 3
allows the system motion to be controlled by dials on the Evans and
Sutherland.

SUBROUTINE CNTRLR

IODATA . EQ. 1 - =

lREﬂD T
i
|

THD, THDD
§
|
; [
.WH
i

5 IDATA .EQ. 2 Z

(NULL)

(NULL)

x IDRTR .EQ. 3 4

READ TH,

N TIME .EQ. START Z
READ INITIAL TH
CALL SETUP2 (NULL)
INITIALIZE VALUES

S TIME .GT. STOPTIM Z

NARM

CALL 0 UNTIL

(NULL)

RETURN | (NUL.L)
CRALCULATE NEW TH

DO UNTIL KARM=NARM

CALL ESCNTRL

SETUP |

CALL SETUP

CALL POSSPJT

S IRATE . EQ. 1

CRLL. RATEPRO
CRLL RNCTRL CALL PCNTRL
DO UNTIL <KRRMaNGRM

RETURN

R TURN
EnD
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2.2.6 SPRGINC

Subroutine SPRGINC is called from REQUIR to set the variables used when
the end-effector is to have compliance associated with it. The vari-

ables set includes spring reference position, orientation and the spring
constant.

SUBROUTINE SPRGINC (TEMPORARY)

SET SPRING VARIABLES SPRP (POS) .
SPROR (ORIENTARTION]) . RND
SPRK (STIFFNESS M

N = NJ KARM) <+ 2

POS (1. N. KRRM) . LE. .B68872
. AND. POS (3. N KARM) . GE.
T . 68872 F

ISPR (KRARM) = 2 (NULL

DO UNTIL KARRM . EQ. NUMBER OF ARRMS

RETURN

END
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2.2.7 CHKLMT

CHKLMT checks joint displacement and rate limits during requirements
analysis. It does not modify any values but prints a warning to the

terminal if any limits are exceeded.

SUBROUTINE CHKLMT

DO FOR ERACH ARM IN SYSTEM

DO FOR ERCH JOINT IN ARARM

DISPLRARCEMENT EXCEEDS
T MINIMUM OR MRARXIMUM VALUE =

TYPE WARNING TO
TERMINAL WITH (INULLD
PERTINENT DATA

RATE EXCEEDS MINIMUM OR
T MAXIMUM VALUE =

TYPE WRARNING TO
TERMINAL WITH (NULL)
PERTINENT DARTH

JOINT RATE EQUATIONS COouULD
T NOT BE SOLVED F

TYPE WRRNING TO
TERMINAL WITH PERTINENT CNULL)
DRTA
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2.2.8 DYNAM
Subroutine DYNAM is called from REQUIR to compute the manipulator sys- .

tem dynamics at each processing time step by calling the SETUP, CABSM,
FORCE, TORQUE, and ACTORQ subroutines.

SUBROUTINE DYNARM

CALL SETUP TO FIND ARALL POSITIONS
IN WORLD COORDINRTES

CALL CRABSM TO FIND RBSOLUTE VEL.
AND RACCEL. OF ALL LINKS

CALL FORCE TO FIND JOINT RERCTION
FORCES

CARLL TORQUE TO FIND JOINT RERCTION
TORQUES

CALL RCTORQ@ TO FIND JOINT RCTURTOR
TORQUES

RETURN

END
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2.2.9 VOLTAGE

(Not implemented yet.)
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2.2.10 OUTREQ

Subroutine OUTREQ is called from REQUIR to write output data to files
requested by the user. The files the user may elect to have data
written to are:

1) Run time output data file;

2) Data file for subsequent replay of motion on a vector graphics
system;

3) Actuator torque data file;

4) Run time data file for subsequent plotting.

SUBROUTINE OUTREQ

T FIRST CALL TO SUBROUTINE F
SET TIME FLRAGS (NUL L)
T IPRINT . LE. 2 =
T CORRECT TIME TO WRITE DORTR - (NULL)
- S (NUL L)
h ISIMO .EQ. 1 <
T CORRECT TIME TO WRITE DRTR r INUL L)
e oyt g i (NULL) :
T ITORQ . Ed. 1 =
T CORRECT TIME TO WRITE DATA F (NUL L)
S oRauE. DUTPLT PELE (NULL)
4\ IPLOT . EQ. 1 =
T CORRECT TIME TO WRITE DARTA E
= pg = INUL L]
PLOT DATR FILE (NUL.LJ
RETURN
END
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2.2.11 ESPAUS

Routine ESPAUS is responsible for polling the status of the E&S function
keys to determine the on/off status of the devices switch for playback
motion cessation. A light indicator in the function key is used to in-

form the user of the key status; when lighted, the perspective viewing
is in operation.

SUBROUTINE ESPARUS

STATUS FUNCTION KEYS ([EXTENDED
SWITCHES] EVENT QUEUE

USER FUNCTION KEY FOR

T TERMINARTING IS RACTIVRTED =
ISTOP OUTPUT
FLAG = O . CNULL)
USER FUNCTION KEY FOR
CESSATION OF MOTION IS
T ACTIVRATED F
ISTOP OUTPUT
FLAG = 1 (NUL L)
RETURN
END
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2.2.12 ENDREQ

‘Subroutine ENDREQ closes any files opened during running of the require-
ments analysis portion of ROBSIM.

SUBROUTINE ENDREQ

T FILE 3 IS OPEN <
CLOSE LU3 (INULL)
b FILE 6 IS OPEN <
CLOSE LUB ENULL) '
T FILE 13 IS OPEN , <
CLOSE LU13 (NULL)
A FILE 14 IS OPEN <
CLOSE LU1< (NUL L)
N FILE 16 IS OPEN <
CLOSE LU1S INULL)
2  FILE 17 (KARM) IS OPEN “
CLOSE LU17 (KRARM) (NULL)
DO UNTIL KARM .EGQ. NUMBER OF ARMS
RETURN
END
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2.2.13 SIMOPT

Subroutine SIMOPT interactively prompts the user for the program start
time, stop time, processing time step, and several flags for control of
output and the selection of some computational capabilities. Among
these output options is a simulation output file that contains the data
required by the postprocessing function for further study. The user
also specifies the time frequency of the output of data to the file.
The user is also allowed to request printed output during the analysis
tools function execution.

The content and format of the data to be printed are provided for within
each of the analysis tools. The flag set within SIMOPT is used only to
turn the print routines on. The time frequency of the printed output

is also specified. Other options are for generation of an acceleration-
velocity-theta file and/or a plot output data file that may be plotted
with the ROBSIM postprocessing plot utility with their associated out-
put time steps. The user may also request use of a torque input file

or a control option to read a hardware input voltage file for computa-
tional capabilities.

SUBROUTINE SIMOPT

SRR | TNPUT MOD CARTEGORY IS 2

!

LIST CURRENT OPTIONS ON FILE AND

REPROMPT FOR MOD CATEGORY

PROMPT FOR MOOIDFICATION TO DEBULG LEVEL
PROMPT FOR MODIFICATION TO PRINT OUTPUT LEVEL
] PRINT OPTION IS DESTIRAED 4
— R X e . (NUL L)
PROMPT FOR MOD. TGO DESIRED TYPE OF CONTROL

[ ]
CONTROL IS VIR

VOLTRGE INPUT
PSR QF TOG bl G - & SET nggs'n—:& PID ] (NUL.LD)

_l
CNTRLR [rm oo

(NULL)

HAS OPTED "i
L ]
T

CALL

PROMPT FOR MOO. TO ACCEL. —VEL. ~THETA OUTPUT FILEK OPTION

¥ . AVT OUTPUT FILE IS DESIRED r4
PROMPT FOR FILE NAME OF OUTSUT . AVT FOE
(NUL L)

&

SIRED FILES.
SET 091,
INITIAL FILE
CONNONS | FEAD TINES

(NULL)

OPEN ALL
W DRENCTTIELY 91 57 6 AL SR o1

PROMPT FOR MOD. TO SIM. OUTPUT FILE OPTION

T « SOF QUTPUT FILE IS DESIRED e
PROMET FOR FILE NAME OF OUTEUT .? FILK ]
PROMPT FOR TIME STEP FOR . SOF FILE | (INUL LD

PROMPT FOR MOD. TO PLOT OUTPUT FILE OPTION

T . PLT OUTPUT FILE IS DESIRED s

PROMPT FOR FILE NAME OF OUTPUT .PLT FILE

PROMPT FOR TIME STEP FOR . PLT FILE (NUL.L)
PROMPT FOR SIM. STRRT TIME

PROMPT FOR SIM. STOP TIME

HRITE

CLOSE AND | /IOPTBK/,

SAVE PROS. | /TINEBK/,
OPT. FILE | /FLNAMBK/

PROMPT FOR PROCESSING STEP SIZE
VO VS W SN T

-]
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2.2.14 INITCO

Subroutine INITCO prompts the user for the initial joint position (TH)
and velocity (THD) of each joint of each arm.

SUBROUTINE INITCO

PROMPT USER FOR INITIARL JOINT
POSITION — TH (N. KARM)

PROMPT USER FOR INITIRL JOINT
VELOCITY — THOD (N. KARM)

DO UNTIL N . EQ. NUMBER OF JOINTS

DO UNTIL KARM . EQ. NUMBER OF RRMS

RETURN

END
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2.2.15 DEFCNST

DEFCNST reads a file containing the information needed to define a con-
straint (either planar or peg-in-hole type) on the end-effector motion
during dynamic simulation of the arm response. The user specifies the
name of the constraint file in response to interactive prompts.

SUBROUTINE DEFCNST
QUERY WHETHER USER WRNTS TO INCLUDE CONSTRARINT

T CONSTRAINT OESIRED
KRARM = 1
PROMPT FOR FILENRME OF CONSTRAINT FILE
OPEN CONSTRAINT FILE
READ TOOL REFERENCE POINT LOCARTION
READ NUMBER OF PLANAR CONSTRAINTS
DO FOR ERCH PLANAR CONSTRAINT
READ THE <4 COORDINARTES DEFINING THE PLANE
RERD NUMBER OF PEG-—IN-HOLE CONSTRAINTS
DO FOR ERCH PEG—-IN-HOLE CONSTRAINT
RERD HOLE LOCAHRTION
READ DIRECTION OF HOLE RAXIS
READ DEPTH OF HOLE
RERAD RADIUS OF HOLE
READ FRICTION COEFFICIENT FOR HOLE
CLOSE CONSTRAINT FILE
>\» HOLE CONSTRAINT INCLUDED =
ACTIVATE HOLE CONSTRAINT DEFINE HOLE CONSTRAINT INACTIVE

o)

SET VARTABLES TO INDICATE NO CONSTRAINTS
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2.2.16 PIDINIT

Subroutine PIDINT is called from RESPON to initialize variables used in
the program's control algorithms. POSSENS is called first to determine
the actual joint positions. Initial values for some control variables
are set. The user is then asked to supply system gains for the methods
of control that will be used during program execution. These gains may
be supplied by either reading in a file of existing gains or by the user
interactively inputting the gains.

SUBROUTINE PIDINIT

CRLL POSSENS TO OBTRIN STH
INITIRLIZE STHD. STHDO. OLDSTH. Eﬂnn'fgcé FERRINT. SERRINT. RAND
T USING PID CONTROL -
N RERADING GRINS FROM A FILE =
PROMPT USER FOR FILENAME PROMPT USER (INUL L)
TO INPUT
RERD GRINS FROM FILE GAIN DATAH
T USING FORCE/TORQUE CONTROL =
. RERDING GAINS FROM R FILE = —
PROMPT USER FOR FILENAME PROMPT USER =
TO INPUT =
READ GARAINS FROM FILE GAIN DRTA —
T USING RCTIVE COMPLIARNCE CONTROL =
REARDING GRAINS FROM A
T FILE F .
PROMPT USER FOR PROMPT -
FILENAME USER TO =
RERAD GRINS FROM INPUT =
FTLE GARIN DORTA
RETURN
END
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2.2.17 OUTSIM

Subroutine OUTSIM is called from RESPON to write the appropriate output
data to the different types of files requested by the user. Types of
output files available are:

1) File of run time data for subsequent tabular printout;

2) File of joint positions, velocities and accelerations as functions
of time;

3) Data file for later motion replay on vector graphics machine;

4) File of data for subsequent x-y plotting.

SUBROUTINE OCUTSIM

T FIRST CARALL TO SUBROUTINE
SET TIME FLAGS TO START TIME | (NULL)

T ___ IPRINT .LE. 2

CORRECT TIME TO WRITE DATA

;"wm“wm J (NULL) £ CNUL L)
DO UNTIL KARM . EQ. NUMBER OF ARARMS
T IDRTA . EQ. 1 :
T CORRECT TIME TO WRITE DRTR "
WRITE CURRENT TIME TO OUTPUT FILE INULL3

[wRzTE TH. THO. THOD TO OUTPUT FILE INUL L)
DO UNTIL KRRM .EQ. NUMBER OF ARMS
I e _ 7 —
WRITE CURRENT TIME TO OUTPUT FILE —

[WRITE TH. ILD TO OUTPUT FILE (NUL L =
DO UNTIL KARM .EQ. NUMBER OF ARMS —
T IPLOT .EQ. 1
T CORRECT TIME TO WRITE DRTA =
CALL SIMPLT TO WRITE (NUL L

PLOT OUTPUT FILE (INUL.LD

RETURN
END
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2.2.18 CNTRSIG

Subroutine CNTRSIG is called from the routine REQUIR. Joint variables

are stored in dummy variables and CNTRLR is called to calculate joint

angular reference positions and velocities. The end-effector position

error is calculated and ORERR is called to determine the orientation

error. If force/torque control is being used, subroutines FORTOR and
FORREF are called to calculate joint reference positions and reference
forces and torques. If active compliance control is being used, sub-

routine CMPCTRL is called to calculate amplifier imput voltages.

SUBROUTINE CNTRSIG

SAVE VALUES OF TH., THD. POS,. ROT. IDRTA.
AND TIME IN DUMMY VARIABLES

CARALL CNTRLR TO CALCULATE REFTHT ARAND
REFTHDT

RETURN VALUES STORED IRQAEDLJNﬂﬁ\’ VAIABLES

EFPOS — POS

END EFFECTOR POSITIGCN ERROR. EPSERR =

CRLL ORERR TO FIND THE END EFFECTOR
ORIENTATION ERROR

USING FOREC/TORQUE CONTROL

T , F
CALL FORTOR TO CRLCULRTE
REFERENCE JOINT POSITIONS (NULL)
CARLL FORREF TO CALCULATE
REFERENCE FORCES RAND TORQUES
T WUSING ACTIVE COMPLIRNCE CONTROL =
R ST O ST o NUL L)
RETURN
END
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2.2.19 CONTROL

Subroutine CONTROL is called from RESPON at every processing time step.
If a feedback control law is to be used, POSSENS is called to get the

actual joint data and PIDCON is called to get actuator voltages for PID
control. If force/torque control is being used, PIDFOR is also called
to get actuator voltages caused by the force-controlled components.

SUBROUTINE CONTROL

ISTF .EQ. 1

CQLL POSSENS[KQRMJ TO GET
ACTURL JOINT DATA

CRLL PIDCON (KARRMl] TO GET
RCTURTOR VOLTARGES FOR PID
CONTROL

NULL

IFTCN . EQ. 1 .
T : F

GCERTLL PIDFOR (KRRMJ TO ¢
RACTURTOR VOLTAGES
FOR FORCE/TORQUE CONTROL NULLJ

DO UNTIL KARM . EQ. NUMBER OF ARMS

RETURN

END
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2.2.20 SETCNST
SETCNST checks planar constraints to see if they are violated or need

to be activated. If the current velocity violates the constraint, the
velocity impulse to satisfy the constraint is evaluated.

SUBROUTINE SETCNST

DO FOR ERCH RRM
NUMBER OF PLANAR CONSTRAINTS

T GREATER THAN ZERO F
EVALURTE DISTRANCE TO CONSTRARINT
PLANE

T DISTANCE LESS THRAN ZERO =
T TR (NULL)

T DISTANCE LESS THARAN TOLERRNCE : =

SET UP FLAGS TO ACTIVATE
CONSTRAINT

(NULL)

EVALUATE VELOCITY OF POINT
TOWRARD CONSTRAINT PLANE
T VELOCITY GRERTER THAN ZERO =
EVRALURATE JOINT RARTE IMPULSE
TO MAKE VELOCITY ZERO

PRINT EVELOCITY IMPULSER
WARNING TO TERMINAL

(NULL)

(NULL)

UPDATE JOINT VELOCITIES
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2.2.21 DERIV

. DERIV is used during response simulation to interface between INTGRT and
the dynamics module NLINK. This routine puts the state vector Z into
the appropriate common variables, calls NLINK and puts the results from
the common variable THDD into ZD.

SUBROUTINE DERIV

SET TEMP. TIME TO TIME

DO FOR ERCH RRM

DO _FOR ERCH JT. IN ARM

SET ANG. POS.. VEL. RAND ACC. FROM STATE VECTOR

SET DERIV. STRTE VECTOR FROM ANG. RCC.
SET DIMENSION OF STRATE VECTOR

CRLL NLINK TO SOLVE FOR JT. RCC.

CALL SIMLMT TO CHECK JT. DISPLACEMENTS AND RARTE LIMITS

SET TIME TO TEMP. TIME

DO FOR ERCH ARM
DO FOR ERCH JT. OF ARM

SET STARATE DERIV. VECTOR FROM ANG. RCC.
JT. POS. /RATES WERE MODIFIED TO KEEP WITHIN LIMITS

T THEN =
‘ SET STATE DERIV. VECTOR FROM ANG. VEL.
SET STRTE VECTOR FROM ANG. VEL. INUL L)

SET STARATE VECTOR FROM ANG. POS.
SET DOIMENSION UOF SIHIE VECIUR I l

RETURN

END
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2.2.22 INTGRT

Subroutine INTGRT is called from RESPON and uses a fourth—order Runge-
Kutta algorithm to integrate a state vector Z. State derivatives are
computed by the subroutine DERIV.

SUBROUTINE INTGRT

SET T TO INITIAL TIME FOR INTEGRATION

SET HDT TO TIME STEP/2.

00 FOR ERCH COMPONENT IN STATE

SAVE STATE VECTOR COMPONENT
SET DELE TO STATE DERIVATIVE«NOT COMPONENT
SET STATE VEGTOR TO STRATE VECT. +DELE

CALL STOPFR TO STOP MOTION DUE TO DRY FRICTION

SET T TO INITIAL TIME<+HDT

CALL DERIV TO CALCULRTE STATE DERIVATIVES

DO FOR ERACH COMPONENT TIN STARTE
SET ZOT 1O STATE DERIVATIVE VECTOR COMPONENT#TIME STEP
SET DELE TO LAST DELZE+-Z0T
SET _STATE VECTOR TO STRTE VECT. +Z0T/2.

CARLL STOPFR

CALL DERIV

DO FOR EARCH COMPONENT IN STRTE
SET #DT TO STATE OERIVATIVE VECTOR COMPONENT«TIME STEP
SET DELZ TO LAST DELE+ZDT
SET STATE VECTOR TO STATE VECT. +ZDT

CRLL STOPFR

SET T TO INITIRL TIME + TIME STEP

CALL DERIV

DO FOR EACH COMPONENT IN STRTE
SET DELZ TO LAST DELZ+STRATE DERTIV. #HDT
SET STATE VECTOR TO SAVE STRTE VECTOR+DELZ/3.

CRLL STOPFR

cAaLL DERIV

RETURN

END
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2.2.23 ENDSIM

Subroutine ENDSIM closes any files opened during execution of the re-
sponse simulation portion of ROBSIM.

SUBROUTINE ENDSIM

3 FILE 3 IS OPEN

CLOSE LU3 (NULL)
3 FILE 8 IS OPEN

CLOSE LU (NULL)
3 FILE 13 IS OPEN

CLOSE LU13 (NUL L)
| FILE 14 IS OPEN

CLOSE LU1l4 | (NULL)
A FILE 18 IS OPEN '

CLOSE LU1S6 (NUL L)
2 FILE 18 IS OPEN

CLOSE LU1lS8 (NULL)

RETURN

| END
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2.3.1 SEGINIT

Subroutine SEGINIT is called from CNTRLR at the beginning of each new
motion profile segment. If the segment is to define motion of the
manipulator, the coefficients of the polynomials defining the motion
rates or the desired positions and orientations are read from the mo-

tion history file. If it is a nonmotion segment, the appropriate sub-

routines are called or variables are defined to ensure these actions
are carried out. If position control is specified, the motion deltas

for the current time segment are calculated.

SUBROUTINE SEGINIT

MERD IMOT
T IMOT .EQ. 1 2
READ IRATE. RERD IO0P
JUNTTUL. ANDC TIMSEG 3 IOP .LE. 2 -
- — READ LOD | (NULL)
= =
(]
c
T — F DOCASE
p—
ITJ = B 5
E — -~ D A o LM w0
5585585 = |5 = S 5|5 o
—_ —_ S = S (e (e 2 (]
- — =] = = s v B B B o B L v B (L
fad g T : F - - - -
T & - F = a. D —
2 = v o0  awld eS| e -
R = — = o == cC gl | @ = = e
- = — | cc w2 W = bwd L DR
—_ = = o = c— o= e O | | O e & &
— = = . (=) o= Lo — L =
a | = =] a3 us o3
=8|l = | S wza28glessEE
RERAD S| & | 2D 28 maﬁg_m§§fsg
PCOEFF |w 28| O | S| 8= |P—BI=82S=5s
o | & | S = (7
T TRATE . ka1 =
+ GNTTUL . EQ. 1 -
- DEFINE STRRTING SET STRARTING END EFF. POSITION
5‘ LJOINT POSITIONS SET ENO EFF, DELTR MOTION DURING SEGMENT
e DEFTINE JOINT DELTR FIND DPHI. AXIS OF ORIENTATION CHANGE
MOTION DURING SEGMENT FIND PHe MAGNITUDE OF ORIENTATION CHANGE
AT
END
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2.3.2 GRASP

‘ Subroutine GRASP is called from SEGINIT when the option flag IOP equals
1 (this denotes that the arm is to grasp a load object). The subroutine
first checks to make sure the arm is not already holding an object and
that the desired object is not being held by another arm. The location
and orientation of the load object are then defined with respect to the
end-effector coordinate system. This ensures that the object's loca-
tion and orientation with respect to the world coordinate system will
be updated correctly during a move and that the display shows the object
moving with the arm. The end-effector mass properties are modified to
include the load object to ensure the correct system response.

SUBROUTINE GRASP

DESIGNRATED ARM NOT CURRENTLY

T HOLDING AN OBJECT =
DESTRED OBJECT NOT HELD BY
T ANOTHER RRM F

CARLL MATMPY TO GET OBJUECT LOCARL
CG VECTOR IN WORLD COOR SYSTEM

CARLCULATE TOOL ORIGIN TO OBJECT
CG VECTOR IN WORLD COOR

‘ CALL MATMPY TO GET ABOVE

VECTOR IN TOOL COOR SYSTEM

CALL. MATMPY TO PUT TOOL ORIGIN TO
OBJECT ORIGIN VECTOR IN TOOL COOR SYST

UE lERMLNE Ubuel |l 11U ool
TRANSFORMATION MATRIX

CALL MATMPY TO GET OBUJECT LOCAL INERTIR
MATRIX IN TOOL COOR SYSTEM

CALL ADDMAS TO COMBINE OBJECT
AND TOOL MRASS PROPERTIES

HRITE MESSRGE TO USER
WRITE MESSAGE TO USER

RETURN

END
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2.3.3

RELEAS

Subroutine RELEAS is called from SEGINIT when the arm is to let go of a ‘
load object. The routine first makes sure the load object to be re-

leased is being held by the current arm. If it is being held, the end-

effector mass properties are reset to the values held before the object

was picked up and MATMPY is called to obtain the location and orienta-

tion of the load object with respect to the world. If the object is not

being held, a message is displayed to the user.

SUBROUTINE RELERS

ARM IS HOLDING OBJECT TO
BE RELERSED

ATINMAT TO CONTARIN TOooL

RESET ATMAS. ATCG.
ONLY DATAR

USER

CALL MATMPY TO FIND
LOCARTION RAND
ORIENTATION OF LORAD
WRT WORLD SYSTEM

WRITE MESSAGE TO

RETURN

END
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2.3.4 ESCNTRL

ESCNTRL allows control of system motion through use of the Evans and
Sutherland extended switches (function keys) and loads the coefficients
of the polynomial describing the motion, PCOEF. Options include indi-
vidual joint control or end-effector control. For end-effector control,
either the base coordinates or tool coordinates may be used as the re-
ference frame. Also, the controlled motion may be either translation
or rotation. The manipulator motion is always rate-—controlled rather
than joint-controlled. The user may select which arm and joint is to
move.

SUBROUTINE ESCNTRL

EERC MOTION PROFILE COEFMFICIENTS FOR EACH PARM. OF LINKS. PER ARM

STATUS FUNCTION KEYS (EXTENDED SWITCHES) EVENT QUEUE

00 WHILE FUNCTION KEYS RCTIVATED FOR INTERACTIVE CONTROL OF JTS.
POLE STRATUS OF INDIVIDUARL FUNCTION KEYS
SET PARAMETER FOR JOINT OR END—-EFFECTOR CONTROL.
SET PRARAMETER SPECIFYING POSITION OR RATE CONTROL

SET PARAMETER FOR TRANSLATIONAL OR ROTRTIONAL JT. MOTION

T END—-EFFECTOR CONTROL

F'
CONVERT
TRANSLATIONAL Vil
T <JT. MOTION F| DEG/SEC
SET VELOCITY . Vb b bt b ke 1Y
VALUE TO SET e Egg‘éﬁsngg&TY TO RAD/SEC
VALUE OF 12. O D RAD SEC SET MOTION
INCHES/?EC _ PROFILE
SET MOTION SET MOTION COEFF.., &
PROFILE COEFF. . PROFILE COEFF. » VECTOR
ELEMENTS 1. 2. 3. ELEMENTS 4. S. 6. ELEMENTS. TO
TO SET VELOCITY TO SET VELOCITY SET VELOCITY
STOP TIME FOR SIMULATION = CURRENT TIME — STEP SIZE
' RE TURN
END
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2.3.5 POSSPJT

ing the position of special joints within the manipulator. Currently

POSSPJT is the executive routine that calls handling routines for find- ‘
only one type of special joint can be included.

SUBROUTINE POSSPJT

DO FOR ERCH RRM

SPECIRAL JOINTS RRE
INCLUDED

DO FOR ERCH SPECIAL JOINT

TYPE EQUAL —
\ GORDY JOINT =
T = =
CALL
POSGRDJT (NUL-LJ
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2.3.6

RCNTRL

Subroutine RCNTRL is called from CNTRLR when rate control of the joints
or end-effector is specified. If joint rate control was chosen, the
joint rates THD are calculated from their polynomial definitions and the
accelerations THDD by finite difference methods. For end-effector rate
control, the defining polynomials are evaluated for the current time.
JACOB and SLVLIN2 are then called to transform these end-effector rates
to individual joint rates. Accelerations (of each joint) are again cal-
culated using finite difference methods.

SUBROUTINE RCNTRL

JSNTTUL .EQ. 1

CALC RDOT AND OMDOT (END
EFF. RATES)

A
\ ONTTUL .EQ. 2 Z

[
=
H ph—
= o
= wJ
— e
==
= =
= PUT RDOT |[TRANSFORM RDOT AND OMDOT
AND OMDOT OT WORLD COOR SYSTEM
g IN VECTOR [puT TRAMSFORMED VARIASLES IN
(=] ENDVEL I VECTOR ENOVEL
Ha
CALL JRCOB TO CrRLC
JRCOBIARN
-

CALL SLVLINZ TO SOLVE FOR

JOINT RRATES

(
\

NUMBE R lcaLcuate voo CALCULATE
{JOINT

= &8 = PUT JOINT RARTES IN THD
— — = ARRAY
- (— =
— )ll‘ =
==y = CALCULATE THDD
- —
RETURN
END

B-130




2.3.7

RATEPRO

RATEPRO is called from subroutine CNTRLR when position control of the
manipulator is desired. The time allowed for the move is divided into
six equal portions. The first portion is defined to be constant accel-
eration. The next four are constant velocity. The last is constant
deceleration equal in magnitude to the first portion. The distance
traveled in the whole time is set to 1 and the appropriate distance
traveled, velocity and acceleration for each portion are calculated.

SUBROUTINE RATEPRO

DELTIM = TIMSEG/6. O

ACCEL = 1. O/ (S. O#DEL TIM3*#2)

- SHACCEL %2

VELOC = RCCEL»DELTIM
DOCASE
T .LT. T .GE. DELTIM T .GE.
DELTIM B OwDELTIM} (S. O*DEL TIM)
R -
R = . BeRCCEL % OEL TIMuw2 9. SwACCEL #DEL TIMwnn2

R =
R+VELQOCH (T—5, O«DELTIM

R =
R+VELDOC+ (T—DELTIM

RD = R = 3
ACCEL »%T R—. SeACCEL® (T—8. OsONLTIM aed %
RO = VELOC =

VELOC—- (RCCEL » ‘T?‘.-mmﬁi

RDD =
RACCEL RODOD = 0. O RDD = -—-ACCEL
RETURN
END
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2.3.8 PCNTRL

PCNTRL is called from CNTRLR when position control of the manipulator is
to be used. Joint position control uses the segment rate profile de-
fined by subroutine RATEPRO to calculate the joint positiomns, veloci-
ties, and accelerations. End-effector position control uses the same
rate profile to get the end~effector rates. JTPOS is then called to get
joint positions, and JACOB and SLVLIN2 are called to get the joint velo-
cities. Joint accelerations are calculated by finite difference me-

thods.
SUBROUTINE PCNTRL
1 JNTTUL .EQ. 1 -
EPOS = RR*DELPOS+SEGPOS
TH ==
RR#*DEL TH+SEGTH CALCULRTE THE ANGLE OF
ROTARTION
CALL. MATMPY TO FIND THE
ORIENTARTION TRANSFORMATION MRARTRIX
THO = USING FORCE./TORQUE OR
RDO=»DELTH T COMPLTIANCE CONTROL F
SET POSREF .
AND ORREF (NULLD
THDD = CRLL JTPOS TO GET JOINT
ROD+DEL TH POSITIONS
CALCULRTE ENDVEL., END
EFFECTOR VELQOCITY
cAa
ToLéhj?zii_ CALL JACOB AND SLVLINZ TO
POSTTTONS GET JOINT VELOCITIES
IN WORLD THDD =
COORDINARTES (THDO—0OLDTHD) /STPPRO
RETURN
END
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2.3.9 CABSM

CABSM uses a recursive technique to compute the absolute angular and
translational velocity and acceleration of each joint/link combination
in the system.

SUBROUTINE CABSM
DO FOR ERCH RRM IN SYSTEM

INITIALIZE W, V. AL, ARAND A WITH ANG. RAND
TRANS. VEL. AND ACC. OF BRASE

DO FOR ERCH LINK

V = V + W CROSS HIJ (VECTOR FROM
PREVIOUS JOINT TO CURRENT JOINT)
A = A + (W CROSS (4 CROSS HIJ)) +
(AL CROSS HIJ) '
VJd = THETA-DOT TIMES DIRECTION
VECTOR FOR JOINT RAXIS
AJ = THETA-DOUBLE-DOT TIMES
DIRECTION VECTOR FOR JOINT RXIS
WCVJ = W CROSS VJ

JOINT IS REVOLUTE

T F
W = I + VJ VvV = V <+ VJ
AL = AL + RJ -+ A = R + AJ =+
WCvJd 2#CVJ
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2.3.10 FORCE

' Subroutine FORCE is called from DYNAM to calculate the force exerted on
each joint. The force at the end-effector is determined first. PTACC
is called to find link centroid accelerations, and the forces caused by
these accelerations are calculated and added to the end-effector forces
to find the force at each joint.

SUBROUTINE FORCE

INITIALIZE FEND AND TEND TO ZERO

VECTORS
END EFFECTOR IS MODELED RS A
T SPRING F
CALL SPRGFOR TO FIND FORCES ]
AND TORGUES WHEN END EFFECTOR CNUL L)
HAS COMPLIANCE
T CONSTRRINT INCLUDED IN SYSTEM_ =
SR ENSITRRNTR RS (NULL)

CALL PTRCC TO FIND LINK
CENTROID RCCELERATIONS

CRLCULRTE FORCE DUE TO RACCELERARTION
OF THE CENTROID

ADD TO END EFFECTOR FORCE TO
OBTARAIN FORCE AT JOINT

DO UNTIL N MOVES FROM END BRCK TO BRSE

DO UNTIL KARM . EQ. NUMBER OF ARMS

RETURN

END
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2.3.11 TORQUE

Subroutine TORQUE is called from DYNAM to calculate individual joint
torques. The torques at the end-effector are determined first. Tor-
ques at the preceding joint are then calculated by adding the torques
attributable to link inertias and centroid forces to the end-effector
torques. The routine works back toward the base of the manipulator,
adding the torques caused by inertias and centroid forces to the cumu-
lative torques thus far to obtain the current joint torques.

SUBROUTINE TORQUE

INITIALIZE T TO TEND

- N DENOTES END EFFECTOR E
! DEFINE THE TORQUE

i TERM FOR THE END (NULL)
\ EFFECTOR

CALL MATMPY AND CRPO TO COMPUTE
INERTIAR TORQUES

| CRALL CRPD TO COMPUTE TORQUES
| DUE TO CENTROID FORCES

DO UNTIL N MOVES FROM END BRCK
TO BRSE

DO UNTIL KARM . EQ. NUMBER OF RARMS

RETURN

END
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2.3.12 ACTORQ

Subroutine ACTORQ calculates actuator drive torques for each joint. It
is called from REQUIR when running requirements analysis and from NLINK
when running response simulation. This routine first solves for the
free axis of each joint and the component of joint reaction torque about
this axis. The torque needed to overcome inertia and viscous and dry
friction are added to the joint reaction torques to obtain a total actu-
ator drive torque for each joint.

SUBROUTINE RCTORQ

INCREMENT KARM

INCREMENT N

SET NRAXIS TO AXIS OF ROTATION
BASED ON JOINT TYPE

NAXIS . NE. O.

T F
SOLVE FOR TERM OF SOLVE FOR TERM OF
ACTUARTOR TORQUE DUE ACTURTOR TUORQUE DUE
TO LINK N OF REVOLUTE TO LINK N OF SLIDING
CJOINT JOINT

ADD LINK N MOTOR INERTIA AND
FRICTION TERMS TO RCTUARTOR

. TORQUE
DO UNTIL N = NUMBER OF JOINTS IN
KARM
DO UNTIL KRARM = NARM
RETURN
END
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2.3.13 REQPRT

Subroutine REQPRT is called from OUTREQ to write run data to an output .
file if this option was requested by the user. Data written to this

file includes time, angular position, velocity and acceleration, trans-

lational position, velocity and acceleration, and joint force and torque

vectors.

. SUBROUTINE REQPRT
DO FOR EARCH ROBOTIC RRM

WRITE TIME. ARM NUMBER TO PRINT FILE

CONVERT THETA VALUES TO OUTPUT UNITS

WRITE ANG. POSITION. VEL.. ARACC..
ACT. TOR. FOR ERCH JT. TO FILE

DO FOR ERCH JT. RARND END-—-EFF.

WRITE TRANS. POS.. VEL.. ACC. TO FILE

T NOT ENDO—-EFF. =

WRITE RBSOLUTE ANG. VEL. .
ANG. ACC.

WRITE ROT.MAT. FROM JT. TO INERTIRAL. INERTIR
MRAT. FOR LINK IN WORLD

WRITE JT. FORCE VECT.. FORCE
VECT. AT JT. /LINK CENTROID

WRITE JT. TORQUE VECTOR
RETURN
END

(NULL)
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2.3.14 REQSOF

‘ REQSOF is called from OUTREQ to write a simulation playback file if this
option was requested by the user. The simulation playback file contains
joint angular positions as a function of time and is used to replay the
motion that occurred during a requirements analysis run without doing
the calculations normally associated with that run.

SUBROUTINE REQSOF

WRITE TIME TO UNFORMARTTED SIM.
OUTPUT FILE

DO FOR EACH ROBOTIC ARM

WRITE JOINT THETR VALUES TO SOF

WRITE FLAG FOR NUMBER OF L.ORD AT
END—-EFF. TO SOF

RETURN

END
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2.3.15 REQTRQ

REQTRQ is called from OUTREQ to write a file of actuator torques as a

function of time if this option was chosen by the user. These data may ‘

then be used to run a response simulation runm.

SUBROUTINE REQTRQ

WRITE TIME TO UNFORMATTED TORQUE
QUTPUT FILE

DO FOR ERCH ROBOTIC RRM

WRITE JOINT RCTUATOR TORQUE
VARLUES TO FILE

RETURN

END
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ORIGINAL PACE |9
OF p
2.3.16 REQPLT OOR QUALITY
Subroutine REQPLT 1is called from OUTREQ to write a file of various man-

ipulator parameters as a function of time during a requirements analysis

run. This file may then be used to create x-y plots of these parameters
as a function of time.

SUBROUTINE REQPLT

DRATA PLOT FILE HEACER INFORMATION FOR ERCH PLOT FILE TYPE

SET TIME TOLERANCE FOR CHECK WHEN BEGINNING FILE WRITE

AT START TIME

T

PROMPT FOR WHICH OF THE FIVE PLOT FILE TYPES TO WRITE
READ PLOT FILE TYP= .

WRITE TO PLOT FILE THE TYPE, NUMBER ARMS, NUMBER JTS. /ARM

(NULL]

T BRIEF PLOT PACKRGE TYPE

v RT START TIME

[ S Y T INULL [NUL_I_]
WRITE TIME, JT. ANGLLANM FPOR, ., ANG., VEL.. ANG, MACCEL.. ACTUATOR TORG.

T END-EFFECTOR PLOT PRCKAGE TYPE

AT START TIME
R e T (NULL) (INULL)

HARITE TIME, PFOS. OF END-EFF., FORCE AT END-EFF., TOROUE AT ENO—-EFF.

T JOINT POSITION PLOT PACKARGE TYPRPE

+ AT STARART TIME

(4
WAETR HERDEN

ARy, PRI TWe 1O | INULL] Eh“JLJ_J
WRITE TIME. POSITION OF JQINTS

T RERCTION FORCES PLOT PRCKRARGE TYPRPE

B AT STRART TIME re
VTR WS o S ST i TYRe 10 I (NOLL) (INUL L)
WRITE TIME., JT. FORCE VECTORS. TORQUE VECTORS

T COMBINARTION OF ABOVE FOUR PLOT PRCKAGE TYPES

T AT STHART TIME

WRITE HERADER INFORMRTION FOR
COMBINRTION TYPE TO PLOT FILE I (N U L— L3

WRITE TIME. JT.ANG. POS.. POS.. ANG. VEL.. ANG. ACC.. FORC.. TOR. .
ACT. TOR.

WRITE TIME. ENO-EFF. ANG. POS.. POS.. FORCE. TORGQUE

-~

(NULL)

RETURN

END
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2.3.17 POSGRDJT

"POSGRDJT computes the position of the intermediate joint in a special .
joint combination called a "Gordy Joint." This position is selected to
satisfy a constraint on the three joints in this combination.

SUBROUTINE POSGRDJT
SETUP X2. X3, Y3, AND 20 WITH COORDINATE RAXIS

VECTORS
COMPUTE COEFFICIENTS A. B. C AND D USING THESE
VECTORS
N D LESS THAN ZEROC Z
PRINT BDISCRIMINANT ERRORS
T DENOMINATOR R = ZERO =
— DTH = 2 TIMES
DTH = PXI ATAN ¢ (D-B) /A
ADD DTH TO DISPLACEMENT OF INTERMEDIATE JOINT
COMPUTE NEW POSITION
T DIRECTION OF RESULT IS WRONG =

SUBTRACT DTH BRCK OFF OF JOINT DISPLRCEMENT

T DENOMINARTOR A = ZERO =

— BDTH = 2 TIMES
BTH = ©. 0O ATAN ( (~D—B) /M)

ADD DTH TO JOINT DISPLACEMENT

(NULL)

COMPUTE NEW POSITION
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2.3.18 JTPOS

JTPOS is an iterative routine for finding a set of joint angles corres-
ponding to a desired hand position and orientation. The error DPOS in
position is calculated and then ORERR is called to find the orientation
error and transform it into a rotation vector. This rotation vector is
combined with DPOS, giving DP. The Jacobian relating hand motion to
joint motion is computed and the set of six linear equations [J](DTG) -
(DP) is solved for the joint updates DTH. This procedure is repeated
until the desired position is obtained.

SUBROUTINE JTPOS

INITIALIZE TOLERANCES, LIMITS ARAND
SCAL.ING FRCTORS

COMPUTE POSITION ERROR DR

COMPUTE ORIENTARTION ERROR DPHI

TOTAL POSITION ERROR NOT

T\ LESS THAN TOLERANCE | =
CALL JRACOB TO EVALURTE
JACOBIAN

CRLL SLVLINZ2 TOo COMPUTE
JOINT UPDRTES DOTH

ADD OTH TO CURRENT JOINT
POSITIONS

EVALUARTE NEW END—-EFFECTOR
POSITION

(NULL)

DC UNTIL TOTRHRL POSITION ERROR LESS
THARN TOLERANCE
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2.3.19 CVTIN

CVTIN transforms link inertia matrices from local coordinates into their
equivalent representation in world coordinates for use in dynamic analy-
sis.

SUBROUTINE CVTIN

00 FOR ERCH ARM

DO FOR ERCH JOINT

PT = TRANSPOSE OF ROTARTION
MATRIX (ROT) FOR JOINT

AINW = ROT TIMES ARINMRT TIMES PT
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2.3.20 SPRGFOR

Subroutine SPRGFOR is called from FORCE when the manipulator end-

effector is modeled as a compliant entity. This routine calculates the
forces and torques at the end-effector reference point caused by its

having compliance.

SUBROUTINE SPRGFOR

cRLL MATMPY TO GET SPRING REF
POINT IN WORL.D COOR

ADD WORLD ORIGIN TO END EFFECTOR
ORIGIN VECTOR

FIND DISTANCE BETWEEN REF RAND
ACTURAL LOCRTION ‘

T ROTATIONAL STIFFNESS INCLUDED

CALL ORERR TO CALC DELTAH
ORIENTRTION

CALL MATMPY TO CALC RESULTING (NULL)

FORCES RAND TORQUES

CALC FORCES AND TORQUES DUE TO
LINERR DISPLACEMENTS

FIND FORCES AND TORQUES AT THE END
EFFECTOR REF POINT

RETURN

END
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2.3.21

CNSTFOR

CNSTFOR is called from subroutine FORCE to compute the force on the end-
effector and the torque about the end-effector reference point attribut-
able to external constraints. These values are then added to the vari-

ables FEND and TEND.

SUBROUTINE CNSTFOR

COMPUTE F., FORCE ON END EFFECTOR
DUE TO CONSTRRINT

COMPUTE T. TORQUE ABOUT END
EFFECTOR REF POINT OUE TO
CONSTRRARINT

RDOD F ANO T TO FEND AND TEND

RETURN

END
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2.3.22 PTACC

PTACC computes the acceleration of any point in any link of either arm.
It uses the angular velocity and acceleration of the link to find the
acceleration of the point relative to the acceleration of the link's

origin and adds this to the acceleration of this link origin.

SUBROUTINE PTAHACC

OMEGA = L INK ANGULAR VELOCITY
VEC = VECTOR FROM LINK ORIGIN TO
POINT
ALPHA = LINK ANGULAR ACCELERARTION

WCV = OMEGAR CROSS VEC

WCWCYV = OMEGA CROSS WCV
ARLCYV = ALPHA CROSS VEC
RESULT = RALCV + WCWCV -+

ACCELERATION OF LINK ORIGIN
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2.3.23 POSSENS

POSSENS is called from subroutine CONTROL when one of the feedback con-
trol laws is being used to drive a response simulation run. This rou-
tine obtains the discrete representation of the actual joint positions
and also determines the actual joint velocities and accelerationms.

"SUBROUTINE POSSENS

DISCRETIZE JOINT POSITION DRTA.
STH

JOINT VELOCITIES,. STHD =
(STH-0OLOSTH1) ~ (TIME-STIGLAST)

JOINT RCCEL.. STHDD =
(STH—-2. O*«0OLDSTH1+0OLDSTH2) /
(TIME-STGLASTI »22

OLDSTHZ2 = oLDSTHL

OLDSTH1 = STH

| Do

UNTIL NJ .EQ. NUMBER OF JOINTS
| IN CURRENT ARRM
1 RETURN
END
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2.3.24 SIMPRT

SIMPRT outputs the condensed or full data printout to file.
the position, velocity, and acceleration data for the arm at the time
If input flag IPRINT equals 2, a limited amount of infor-

when called.

mation is printed (only TH, THD, THDD, and TDR).

SUBROUTINE SIMPRT

DO FOR EARCH ARARM OF ROBOTIC SYSTEM

WRITE CURRENT SIM.

TIME

FOR RALL JOINTS OF

CONVERT THETAR TERMS TO I 0 UNITS

RRM

WRITE JT. ANGLES. VEL..

RACCEL..

AND DRIVE TORQ.

PID CONTROL

A
WRITE PID
VARTIABLES (NULLJ
A FULL PRINTOUT OPTED

WRITE EFFECTIVE
INERTIAR MATRIX

INULL)

WRITE JOINT/LLINK
PARARAMETERS

RETURN

END
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2.3.25 SIMPLT

SIMPLT allows the user to write a plot file for output. The user is
asked to choose from among several different plot package optionms. The
chosen package determines which response simulation parameters are
written to the plot file.

Option 1, the BRIEF PLOT PACKAGE, writes joint angular displacements,
joint angular velocities, joint angular accelerations and drive torques.

Option 2, the END-EFFECTOR PLOT PACKAGE, writes end-effector transla-
tional position, force vector at the end-effector and torque vector at
the end-effector.

Option 3, the JOINT POSITIONS PLOT PACKAGE, writes translational joint
positions.

Option 4, the REACTION FORCES PLOT PACKAGE, writes force joint vectors
and torque joint vectors.

Option 5, the COMBINATION PLOT PACKAGE, writes all of the above--joint
angular displacements, translational joint positions, joint angular
velocities, joint angular acceleratiomns, force joint vectors, torque
joint vectors, drive torques, end-effector translational position, force
vector at the end-effector and torque vector at the end-effector.

Option 6, the PID CONTROL PLOT PACKAGE, writes amplifier voltages, joint
reference positions, joint position errors, end-effector reference posi~-
tion and end-effector position error.

Option 7, the FORCE/TORQUE PLOT PACKAGE, writes amplifier voltages, re-
ference position, reference force, end-effector translational position,
force vector at the end-effector, torque vector at the end-effector,
error in position and error in force/torque.

SUBROUTINE SIMPLT

SET PLOT HERDER DATA RECORDS FOR EACH PLOT TYPE

SIM. AT START TIME 4

T
WRITE PLOT FILE TYPE DESCRIPTIONS TO TERMINAL

PROMPT FOR PLOT FILE TYPE TQ WRITE (NUL L)

BRIEF PACKRAGE CHOSEN 4

WRITE HEROER RECORD IF START TIME

[WRTITE TIME. ANGLE. VEL.. RCC.. AND DRIVE TORQ. (INUL LD

-

END—EFFECTOR PACKAGE CHOSEN *

WRITE HEADER RECORD IF STRRT TIME [NUL[_]

WAITE TIME, POS.. FORC.. AND TORQ. AT ENO—EFFECTOR

-+

JOINT POSITION PRACKRARGE CHOSEN -

WRITE HEADER RECORO IF START TIME

WRITE TIME, AND JOINT POS. VECTORS (NULLJ

™

REACTION FORCES PACKAGE CHOSEN [

WRITE HERDER RECORD IF STRART TIME

WRITE TIME. FORC. RAND TORGUES AT JOINTS (NUL L)

T

COMBINATION PRCKAGE CHOSEN [

WRITE HEADER RECORD IMF START TIME

WRITE TIME. ANO ALL OF THE ABOVE PRRAMETERS (NUL L)

T

PID CONTROL PRCKAGE CHOSEN [

WRITE HEADER RECORD IF START TIME

WATTE TIME. JOINT VOLTS.. REF. ANGLE AND JT. POS. ERRORS (NULL)

WRITE TIME, END-EFFECTOR REF., POS.. POS. AND ROT. ERR.

Tr

FORCE/TORQUE CONTROL PRCKAGE CHOSEN

WRITE HERDER RECORD IF STRART TIME

WRITE TIME. AND JOINT VOLTS. (NUL L)

WRCETR TIME. RRF. POS. . m.m./m.v:t.—r.. ENGO~EFF. POR, /FOR. . AND

RETURN

END
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2.3.26 FORTOR

‘ FORTOR is called from subroutine CNTRSIG if manual force/torque control
is used to drive a response simulation. This routine calculates the
joint position error vectors caused by the error in the position-
controlled components of end-effector motiomn.

SUBROUTINE FORTOR

POSITION ERROR VECTOR. ERPOS =
POSREF—POS

REMOVE FORCE CONTROLLED COMPONENTS
FROM VECTOR ERPOS

- DOoOF . GE. 3

CRLL ORERR TO DETERMINE THE
ORIENTATION ERROR VECTOR
REMOVE TORQUE CONTROLLED COMPONENTS
FROM ORIENTATION ERROR VECTOR

COMBINE POS. RAND OR. ERROR VECTORS
INTO THE VECTOR DELP

(NULL)

CRLL JRCOB TO CALCULRTE THE
JARCOBIAN

CALL SLVLINZ TO SOLVE FOR DELTAR

‘ JOINT POSITIONS

SET REFERENCE JOINT POSITIONS

RETURN

END
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2.3.27 FORREF

FORREF is called from subroutine CNTRSIG when manual force/torque con- ‘
trol is used to drive a response simulation. Individual joint torque
error vectors are calculated from the end-effector force error and tor-

que error vectors.

SUBROUTINE FORREF

CALCULRATE END EFFECTOR FORCE ERROR
COMPONENTS

CALCULATE END EFFECTOR TORQUE
ERROR COMPONENTS

STORE ERROR COMPONENTS IN VECTOR
DELFT

CRLCULATE REFERENCE FORCE/TORQUE
VECTOR

CALL JACOB TO DETERMINE THE
JACOBIARAN. RJRCOB

CRLCULRARTE JOINT TORQUES, TORUJNT
TORJUNT—-DELFT»=RJRCOB

RETURN

END
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2.3.28 CMPCTRL

‘ CMPCTRL is called from CNTRSIG when active compliance control is used
in a response simulation run. This subroutine first calculates end

position deltas (ref-actual), joint control torques, and joint torque
deltas (control-sensed). The thetas are put through a derivative con-
trol block to get joint torques. The joint torque deltas are put
through a lead-lag filter in parallel with an integrating control block.
The joint control torques are summed with the other processed signals
to get a total joint torque. This is then converted to motor amplifier
input voltages.

SUBROUTINE CMPCTRL

SET TVCVT., JOINT TORQUE TO VOLTS
) CONVERSION FRCTOR
CRALL JRCOB TO CALCULATE THE JACOBIARAN.
RJRCOB
DETERMINE RJTRANS., THE TRANSPOSE OF THE
JACOBIAN
CALL MATMPY TO FIND TOR. THE INPUT
TORQUES
CALL MATMPY TO FIND TBIRS. THE BIRS
TORQUES
JOINT CONTROL TORQUES. TCTRL = TOR +
TBIARS
DETERMINE TSENS. SENSED FORCES AND
TORQUES
TORQUE DELTAS. DELTOR = TCTRL + TSENS
CALCULATE RJTORG@, JOINT RACTURTOR DRIVE
TORQUES
CONVERT JOINT TORQUES TO INPUT VOLTARGES
RETURN
END
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2.3.29 PIDCON

Subroutine PIDCON is called from CONTROL when a control law is used to
drive a response simulation run. The routine takes the vector of joint

position errors and, simulating a PID control loop, calculates joint
actuator voltages.

SUBROUTINE PIDCON

SET JOINT ACTURTOR TORQUE TO VOLTS
CONVERSION FRCTOR

CALCULATE JOINT POSITION ERROR.
DELTH = THREF — STH

CRLCULLATE ERRINT. THE ERRGOR
) INTEGRAL

CALCULATE RJTORQ. JOINT RACTUARTOR
TORQUES

CONVERT RCTUARTOR TORQUES TO
VOLTRGES

RETURN

ENDO
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2.3.30 PIDFOR

Subroutine PIDFOR is called from CONTROL when force/torque control is
being used to drive a response simulation run. This routine calculates
the joint actuator voltages caused by the force-controlled components

of manipulator motion.

SUBROUTINE PIDFOR

COMPUTE TVCVT. JOINT ACTUARTOR
TORQUE TO VOLTS CONVERSION FACTOR

COMPUTE FERRINT. FORCE ERROR
INTEGRAL

CALCULATE RJTORQ.,. JOINT ACTURTOR
TORQUES

CONVERT JOINT ACTURTOR TORQUES TO
VOLTARGES

RETURN

END
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2.3.31 EFINRT2

EFINRT2 computes the effective inertia matrix (in joint coordinates) for
a manipulator. The effective inertia matrix is an NxN matrix that gives
the joint torques attributable to joint accelerations. The (m,n) term
corresponds to joints m and n and depends on the mass of the arm from
link n to the end-effector so the program evaluates composite masses,
centroids and inertia distributions for these “composite masses.” Each
term of the effective inertia matrix is then evaluated as a combination
of dot products and cross-products among the joint axis directions and
locations and the mass parameters of the composite links (see Study Re-
sults volume).

SUBROUTINE EFINRTZ2

INITIALIZE TOTM. TOTIN AND TMCG (TOTRL MASS.
INERTIA AND MASS TIMES CG L

DO FOR N = LAST LINK TO FIRST
TOTM = TOTM + MASS OF LINK N

FIND NEW COMPOSITE CENTROID BY RADDING PROPERTIES OF LINK N

FTND NEW COMPOSITE INERTIAR MATRIX

T N NOT EQURL BRSE =
T N IS A REVOLUTE JOINT =
DO FOR ALL JOINTS M DO FOR ALL
FROM N TO BRSE JOINTS M
M TS A FROM N TO
REVOLUTE BRSE
T SOINT i EFFECTIVE 5
FIND ROTRATIONAL EFFECTIVE INERTIR =
TERM OF INERTIR COMPONENT =
EFI.EE%I;'::::;E COMPONENT M. N = ZERO
COMPONENT (M. NI M, N = ZERO
DO FOR ALL JOINTS M FROM N TO BRSE
FTND TRANSLATIONAL CONTRIBUTION TO
EFFECTIVE INERTIA COMPONENT (M. N ABND
EFFECTIVE INERTIA TERM (N, Ml = TERM (M. N)
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2.3.32 NLINK

Subroutine NLINK is called from DERIV during response simulation to com-
pute the joint accelerations THDD. It sets the joint accelerations to
zero, then uses the requirements analysis tools to compute effective
joint torques, EFINRT to compute the effective inertia, DRTORQ to find
the driving torque and SOLVE to solve the set of linear equations for

THDD.

SUBROUTINE NULTINK

CRALL RACTIVPIH TO RCTIVATE PEG-IN-HOLE
CONSTRAINTS

ZERO ANG. RCC. VALUES AND CONSTRAINT
REACTION FORCES

CRALL DYNAM TO COMPUTE EFFECTIVE TORQUES

CALL DRTORQ TO COMPUTE DRIVING TORQUES

COMPUTE RCCELERATION TORQUE AS DRIVE
TOR. — ACT. TOR. FOR ERCH JT. /ARM

CALL EFINRT TO COMPUTE EFFECTIVE INERTIA

DO FOR ERCH ARM

DO FOR ERCH JT. IN RARM

COMPUTE TOTAL LINK INERTIA MATRIX IN
JT. COORDS.

COMPUTE INERTIA MATRIX FOR ERCH JT.
OF ARM IN INERTIAL COORDOS.

CALL SLVTHDD TO SOLVE FOR JT.
ACCEL_ERRTIONS

RETURN

END
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2.3.33 SIMIMT

SIMIMT is called by DERIV and first checks the joint displacements
against their limits. If any limits are exceeded, the joint position

is set to that limit and the joint rate and acceleration are limited to

zero. Similarly, the rate limits are checked and if any are exceeded,

the corresponding rate is set to that limit and the acceleration is

bounded by zero. IMOD is set if any positions or rates are modified.

SUBROUTINE SIMLMT
IMOD = O

BO FOR ERCH RRM
DO FOR ERCH JOINT N
N JOINT DISPLRCEMENT EXCEEDS UPPER BOUND iy

SET DISPLARCEMENT TO UPRPER BOUND
LIMIT VELOCITY MNO ACCRLERATION TC LESS THAN OR EOUAL TO SERO INULLL)

IMOD = 1
N\ HOINT DISPLACEMENT EXCEEDS LOWER BOUND =

SET DISPLACEMENT TO LOWER BOUND
LIMIT VELOCITY AND ACCELERATION TO GRERTER THAN OR EOUAL. TO (NUL L)
SERO

IMOD = 1
JOINT RATE EXCEEDS UPPER BOUND =
SET RATE TO UPPER BOUND

LIMIT ACCELERATION TO LESS THAN OR EQUAL TO BEERO CNULLL)
MO0 = 1
JOINT RATE EXCEEDS LOWER BOUND =

SET RATE TO LOWER BOUND

L.IMIT RACCELERATICN TO GREARTER
THAN OR EQUAL TO ZERO

™MOoD = 1

T

T

(NULL)
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2.3.34 STOPFR

Subroutine STOPFR is called from INTGRT to simulate static frictiomn in
the joints during a response simulation run. If the joint velocity at
the previous time step is not equal to zero and the sign is the opposite
of the sign of the current time step, the current velocity and position

delta are set to zero.

SUBROUTINE STOPFR

OLD JOINT VELOCITY . NE.
T ZERO -

DETERMINE SIGN OF 0OLD
JOINT VELOCITY. SO

DETERMINE SIGN OF CURRENT
JOINT VELOCITY. SC

CNUL L)

SO .NE. SC
T F

SET CURRENT VELOCITY
TO ZERO

SET POSITION DELTAR
TO ZERO

INULL)

DO UNTIL N . EQ. NUMBER OF JOINTS

DO UNTIL KARM . EQ. NUMBER OF ARMS

RETURN

END
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2.3.35 ACTIVPIH

ACTIVPIH sets up the flags and variables activating a peg-in-hole con- ‘
straint if such a constraint is included. It sets up four point con-
straints--two each (in orthogonal directions) at the top of the hole

and at the tip of the peg.

SUBROUTINE RCTIVPIH
DO FOR ERCH ARM

T IPIH NOT EQUARL ZERO

PUT TOOL REFERENCE POINT LOCATION INTO PEGLOC

PUT (MINUS) HOLE-AXIS DIRECTION INTO PEGDIR
DEL1 EQUALS UNIT VECTOR RLONG X-AXIS CROSS
PEGDIR

T MAGNITUDE OF DEL1 NERAR ZERO

DEL1 = UNIT VECTOR
ALONG Y—AXIS NORMALIZE DEL1

DEL2 = UNIT VECTOR DEL2 = DEL1 CROSS
ALONG Z—RAXIS PEGDIR
INITIALIZE FLRARGS FOR 4
DOUBLE-SIDED POINT CONSTRAINTS
POINT 1 AT PEG TIP PLUS HOLE

RADIUS ALONG DEL1

POINT 1 AT PEG TIP PLUS HOLE
RADIUS ALONG DELZ2
POINT 1 RT HOLE ENTRANCE PLUS
HOLE RADIUS ALONG DEL.1

POINT 1 AT HOLE ENTRANCE PLUS
HOLE RADIUS ALONG DELZ2

(NULL)
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2.3.36 DRTORQ

The DRTORQ routine calculates the torque output from each joint motor
by using a control algorithm strategy or reading them from a file. The
calculations are based on the torque constant for each joint and the

armature currente.

SUBROUTINE DRTORQ

T READ TORQUE FLAG. ITORQ. =

1

F
T TIME . GE. NEXT TIME AT WHICH TO RERD TORQUE FILE E ‘c":é
READ TIME FROM TORQUE FILE INTO TNEXT e b L
[~
KARRM = O —_ =22 =
INCREMENT KARM — Sgws
TORL. O AST TOMGLUED = TOMN (NEXT TORQUE PFOR ERCH JT. % :J’SE
= b
DO _UNTIL KARM = NARM — =
CARLL LININT TO COMPUTE NEW TORQUE CONTROL Laand L —
SIGNAL TIME COEFFS. P
e =]
KARM = O 2= .S
o=
INCREMENT KARM JSEE
N = O c =S
z
INCREMENT N §q- 5
TOR (Ne KARM] » DRIVING TORQUE - = § g §
INTERPOLATION BETWEEN TORL ANDO TORN i E
DO UNTIL N = NUMBER OF JOINTS IN KARM S=E=
(=]
DO UNTIL KARM = NARM Sg 2
RETURN
END
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2.3.37 EFINRT

EFINRT calls EFINRT2 to compute the effective inertia matrix of each
manipulator and puts these results into diagonal blocks of a larger

matrixe.

SUBROUTINE EFINRT

INITIRLIZE INDEX = ONE

00O FOR ERCH ARM

. CARALL EFINRT2 TO COMPUTE
EFFECTIVE INERTIA MATRIX FOR ARM

PUT INTO RESULT STARTING AT
COMPONENT (INDEX, INDEX)

INDEX = INDEX + NUMBER OF JOINTS
IN RRM
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ORIGINAL PAGE {S
OF POOR QUALITY,

2.3.38 SLVTHDD

SLVTHDD solves for unknown joint accelerations and constraint reaction
forces for a given arm state and joint driving forces. All zero-
velocity joints are assumed to have zero acceleration. If the friction
forces needed to produce zero acceleration are greater than the static
friction force, the acceleration is assumed finite and the equations are
re-solved. Similarly, the constraints are assumed active and if the re-
sulting constraint force is in the wrong direction the constraint be-
comes inactive and the equations are re-solved. This process is re-
peated until all conditions on the friction forces and constraints are
satisfied.

SUBROUTINE SLVTHDD

D0 FOR ERCH JOINT

4

JOINT RATE = PERO AND STATIC FRICTION NONZERO

FLZV = TRUE I FLZV = FALSE

INITIALIZE FLLZA = FLZV

NO CONSTRAINTS OR ZERO-VELOCITY JOINTS EXIST

CALL SOLVE T0 SOLVE FOR JOINT ACCELERATIONS];

CALL. JRCOB TO EVALURKRTE THE JRCOBIAN

SETUP PHIT WITH COEFFICIENTS FOR NONEERC RCCELERATION TERMS

TTEMP = TEFF

T CONSTRAINTS EXIST 4

SOLVE FOR UNKNOWN RCCELERATIONS AND CONSTRAINT REACTION FORCES

DO FOR ERCH CONSTRAINT FORCE

[T~ CONSTRAINT ACTIVE ANC FORCE HAS IMPROPER SIGN

MAKE CONSTRAINT INACTIVE INULL)
CONSTRAINT INACTIVE AND ncchznaT:oN HRS IMPROPER SIGN

MAKE CONSTRAINT ACTIVE | INULL)

h

Al

~ALL CONSTRAINT CONDITIONS SRATISFIED 4

COMPUTE FRICTION TORGQUES AT JOINTS WHERE FLEA = TRUE
00 FOR ALL JOINTS FOR WHICH FLZV = TRUE

A\ ACCELERATION IS NONZERO

FRICTION FRICTION FORCE EXCEEDS
FORCE N ..'H: T FRICTION COEFFICIENT F

DIRECTION

T ACCEL WRATION F SET FLZR =
SET FRLSE

F¥?§EZE- (NuUL L) -tn;nnntg;ram: q;fu

(NULL)

(NULL)

DO UNTIL RALL FORCE AND CONSTRAINT CONDITIONS SATISFIED
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2.3.39 LININT

Subroutine LININT is called to set up the coefficient for performing
linear interpolation between two vectors.

SUBROUTINE LININT

FIRST VALUE OF
INDEPENDENT
VARIABLE EQUALS
SECOND VALUE

T F
CF 1= (COEFFICIENT CF2 = (CURRENT
VALUE OF IND.
FOR FIRST
VECTOR) EQUALS VAR. — FIRST
ZERO) VALUE) ~/ (SECOND
VALUE — FIRST)

CF2 EQUALS ONE ' CF1 = 1.0 — CF2
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2.3.40 LDVOLT

Subroutine LDVOLT is called from DRTORQ when a file of actuator voltages
is to be read in and used to drive a response simulation run. At the
correct time the routine reads time and voltage from an existing file..
LININT is called to interpolate the best voltage for the current simu-
lation time. The control voltage is then calculated from this.

SUBROUTINE LDVOLT

IRDCNTL . EQ. 1

CORRECT TIME TO READ NEW
T DATA F

READ IN TIME

RERAD HARDWARE
VOLTAGES

DO UNTIL N . EQ. NUMBER
OF JOINTS

DO UNTIL KRARM . EQ.
NUMBER OF RRMS

(NULL)
(NULL)

CALL LININT TO INTERPOLATE DATA FOR
CURRENT SIMULATION TIME

CALCULATE SIMULATION CONTROL
VOLTARGES

RETURN

END
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2.3.41 CALCI

of the joints in the system given the motor parameter values and the

The CALCI subroutine calculates the amplifier current values for each ‘
state velocity.

SUBROUTINE CRLCTI

KARM. ARM COUNTER = O

INCREMENT KRARM

N. JOINT COUNTER = O

ARMATURE I (N, KRRM) = (RAMP
GAIN»VOLTRGE - BRCK .
EMF+JT. VEL.. ) /ARM RES.

DO UNTIL N = NUMBER OF JOINTS
FOR KRRM

D0 UNTIL KARM = NARM., TOTAL NUMBER
OF ARMS

RETURN

END
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2.3.42 SOLVE

SOLVE 1s used to solve a set of N linear equations in N unknowns. It
sets up an identity-augmenting matrix, calls GAUSS to invert the origi-
nal matrix and then multiplies this inverse times the right-hand side

of the equations to obtain the resulting solution.

SUBROUTINE SOLVE

PUT ORIGINAL MATRIX INTO C

FORM TIDENTITY RAUGMENTING MRATRIX IN
AUG

CRALL GRAUSS TOo PERFORM ELIMINATION.
PUTTING INVERSE OF C INTO RUG

MULTIPLY RAUG BY RIGHT—-HRND-SIDE OF
ORIGINAL EQUATIONS TO GET X
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2.3.43 GAUSS

GAUSS performs Gauss-Jordan elimination with partial pivoting on an aug-
mented matrix system to reduce the system toO row—gcl}elm} form durmg the ‘
matrix inversion process. The largest value remaining 1in a column is

used as the pivot value for that column during reduction.

SUBROUTINE GRUSS

START WITH ORIGINAL MATRIX IN A AND
IDENTITY RAUGMENTING MATRIX B

00 FOR ERCH COLUMN T

FIND ROW J WITH LARGEST VALUE (A (J. 1)

T MAGNITUDE A (J. ) NOT EQUAL ZERO

DO FOR ERCH PREVIOUSLY REDUCED ROW

REDUCE COLUMN I OF A TO ZERO
PERFORM SAME ROW OPERRTIONS ON B

DO FOR ERCH ROW NOT YET REDUCED

REDUCE COLUMN I OF A TO ZERO

PERFORM SAME ROW OPERATIONS ON B

REDUCE PIVOT ROW OF R TO
STARART WITH 1

PERFORM SAME OPERRTION ON B

(NULL)

MOVE PIVOT ROW UP TO ROW I
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2.4,1 SLVLIN2

SLVLIN2 finds an optimal solution X to a linear set of equations AX = B
where the magnitude of each component of X is bounded -XLIM(N)< = X(N)
<= XLIM(N). The program first sets up matrices D, which forms an ortho-
gonal basis for the reachable space of A, and C, which provides the con-
version from D space to AH space. The matrix AN is also set up; it comn-
tains vectors in the null space of H along with the initial solution VH
and is used as the tableau for linear programming. Once an initial so-
lution is found, linear programming by a modification of the Simplex me-
thod is performed; the magnitude of the result is maximized subject to
the constraints on X. This solution is then scaled to give the final
solution.

SUBROUTINE SLVLINZ

SCALE COLUMNS OF A (GIVING AH) 30 THAT LIMITS ON X ARE +-0ONE

PUT FIRST COLUMN OF AH INTO D

DO FOR ERCH REMAINING COLUMN OF AH

SUBTRACT COMPONENTS OF COLUMN ALONG COLUMNS OF D

N RESULTING COLUMN VECTOR IS NOT ZERO

MAKE RESUL.TING COLUMN NEXT COLUMN OF D PUT COLUMN

INTO NULL
FORM NEXT COLUMN OF C MATRIX SPRCE MATRIX AN

USE D AND C TO SOLVE LINERR EQURTIONS

T EQUATIONS SOLVED EXRCTLY

IAPR = O IAPR = 1

NULL SPRCE EXISTS RAND B NOT IN THRAT
T SPACE F

GENERRARTE INITIAL BRSIC
FEARSIBLE SOLUTION

DO WHILE FURTHER OPTIMIZARTION
IS POSSIBLE

SCALE
SOLUTION
SUCH THAT

CALL REPCOL TO FURTHER
OPTIMIZE

LIMITS ARE
NOT EXCEEDED

SCALE RESULTS MUUSING XLIM) TO GET FINAL
SOLUTION
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2.4,2 REPCOL

REPCOL replaces column ICOL of matrix A where A represents the tableau
for a linear programming problem, X represents the variables, and the
limits on each variable are plus or minus one. REPCOL first finds the
largest allowable change in the free variable (the variable that corres-
ponds to the column being replaced), and the new constraint variable
that limits this change. The solution is updated and tableau A is modi-
fied to reflect this change of constraint variables.

SUBROUTINE REPCOL

FTND WHETHER TO INCREARSE OR DECRERSE
VARIABLE CORRESPONDING TO ICOL

FIND ROW (IROW) WHICH ALLOWS
SMALLEST CHANGE IN THAT VARIRABLE

UPDATE X VECTOR TO REFLECT THAT
CHRNGE OF VARALUE

DO FOR ERCH ROW N OF A

A (N. ICOL) =
A (N. TCOL) /R (TIROW. TCOL)

DO FOR EARCH COLUMN I EXCEPT ICOL

DO FOR ERACH ROW N

AN, IT) = AN I —
A (N. ICOL) »*A (TROW. I3
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2.4.3

ORERR

Subroutine ORERR is used to find the change in orientation between two
coordinate systems. The error in orientation is computed and then
transformed into a rotation (magnitude less than pi) about a unique
rotation axis. This axis is computed as the cross—product of two of
the columns of DOR, and the rotation angle PH is computed by (COS(PH)=
1+.5%(X.DX+Y.DY+Z.DZ), where X.DX is the dot product of the X column of
ROR with the X column of DOR, etc.

SUBROUTINE ORERR

FIND MAGNITUDE OF ORIENTATION
CHANGE FOR ERACH COORDINATE AXIS

DETERMINE WHICH RAXIS CHRANGES THE
MOST

CALL CRPD AND COMPUTE DDPHI. A
SINGLE RXIS OF ROTRTION

COMPUTE PH., THE ANGLE OF ROTRTON
ABOUT DDOPHI

RETURN

END
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2.4,4 OUTUN

OUTUN is a functiom that converts a value from intermal (metric) units

to the user-specified input/output units by dividing by a conversion ’
factor.

FUNCTION OUTUN

CONVERT A VALUE FROM INTERNAL TO
T/0 UNITS USING OCUTUN =VAL/7CONUNIT

RETURN

END
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2.4.5

ICVTATD

ICVTATD is a function that returns a digitized number when given a real
value. If the value is outside an allowable minimum or maximum, it is
set equal to the appropriate limit. The digitized number is then com~
puted using the following relation:

3 = _ (VAL - VALMIN) * <2MBITS - 2(NBITS-1)>
(VALMAX - VALMIN)

where
NBITS = number of bits available for digitized value,
VALMIN = minimum allowable value for VAL,

VALMAX = maximum allowable value for VAL,
VAL = output value.

ICVTATD, the digitized number, is set equal to the closest integer to B.

FUNCTION ICVTRTD

VAL (ANAL.OG VALUEY . LT.
VALMIN (MINIMUM ALLOWED) F

VAL = VALMIN (NULL)

VAL .GT. VALMAX (MAXIMU
ALLOWED] : =5

VAL = VALMAX (NUL L)

A = (VAL—-VALMIN) / (VALMAX-VALMINI

B = A2 NBITS—2%» (NBITS—1)

TCVTATD = CLOSEST INTEGER TO B

RETURN

END
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TAble B-VII. - PROGRAMS EMPLOYED IN POSTDRVR

3.0 POSTDRVR

SIMOTION
HDWMOTIN
ROBPLT

w w W
>
==
. L] -
w N

LDTHET
POSTGRAF
MINMAX
AXES
SCAL
TICMRK

WWwwwLwLw
PR NN
oLt W
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3.0

The program POSTDRVR is the postprocessing function driver.

POSTDRVR

It operates

in an interactive mode, prompting the user for the postprocessing option

desired:

replay robotic system simulation motion, replay simulation

versus hardware motion, parameter versus parameter plots, or terminate
POSTDRVR execution.

SIMOTION, is called.

For simulation replay, option 1, subroutine
Option 2 provides a comparison of hardware
corresponding simulation motion through subroutine HDWMOTIN. If

and the
option

3 is selected, ROBPLT plots any of the data computed and written to one
of the seven types of plot file packages during the requirements or
simulation analysis tools functions.

PROGRARM POSTDRVR

SET PROCESSOR MODE = 3.

FOR POST PROCESSING

SET ERROR CODE = O

CALL SETLU TO SET PROGRAM DEFAULT LOGICAL UNIT NUMBERS

PROMPT USER FOR OPERATION MODE,

IMODE

READ USER RESPUONSE

3 IMODE = 911 c
= , |DO CASE ON OPERATION MODE
L
- 03
= 33 DOCRSE
=
1 T
o =
— =
o & | IMODE IMODE IMODE
= = 1 = =2 = 3
% — cRLL
— o cALL . WRITE
— o |sSudThen | horodmnE | REEEL | cRROR
a:" - REPLAY MOTION PLOTTING MODULE MESSAGE
[ ROUTINE ROUTINE
DO UNT.IL COPERATION MODE DESIRED IS TO TERMINRTE POSTDRVR
EXECUTION
STOP
END
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3.1.1 SIMOTION

SIMOTION is called during the postprocessing function to provide a re-
play of the robotic system motion produced during a previous run of the ‘
requirements or simulation phase of the analysis tools function. It

opens the chosen robotic system geometry file and simulation output file

for each graphics replay, and calls GRAFIX with the displacements at

each time step to update the system motion display.

SUBROUTINE SIMOTION

]
TRERD SNETI. FLAGED LOND NMAGIDN FOR WWe

REWLINDG SOF FILE
CALL. SETUP TO LOAD THE POS AND ROT MATRICES
s_l;'[mmq_:sm.na-x
CRLL GRAFIX TO LINITIALIEE GRAPHICS

READ TIME FROM FILE

DO WHILE KPARM . LT. NARM

TNCREMENT KARM
READ THETR FOR EACH JOINT OF KARM
READ PLANNED LORD NUMBER FOR KRARM

CURRENT LORD . NE. PLANNED LOAD =
I CURRENTLY NO LORD AT TOOL *
CALL GRASP FOR PLANNED tORO | (INUL.L)
< NG LOAD PLANNED 2 -
CALL MO EAS TO RELERSK CLIAKNT LORD [ (INULL) —
T~ CURRENTLY HOLOING LOAD AND A LOAD IS PLANNED > =2
CALL RELEAS TO RELEASE CURRENT LORD NULL) =
CALL GRASP TO GRASP PLANNED LORO ¢
SET CURRENT LORO NUMBER TO PLANNED LORAD NUMBER

!
:
d
i
i
z
s
i

0O UNTIL. END OF FILE

B-176




3.1.2 HDWMOTIN

HDWMOTIN is called during the postprocessing function to provide a re-
play of the robotic system motion produced during the requirements/simu-
lation analysis tools functions versus the actual motion that occurred
during the corresponding hardware run. It opens the chosen system geo-
metry file, simulation output file for graphics replay and hardware file
contalning recorded joint theta values. It calls POSTGRAF with the
hardware and simulation displacements at each time step to update the
system motion display.

SUBROUTINE HDWMOTIN

SET PROCESSOR MODE TO S FOR POST PROCESSING
CALL ROSYS TO READ THE ROBOTIC SYSTEM SFILE
PROMPT FOR MILENAME OF SIMULATION MOTION OQUTPUT FILE. SOF
RERD SOF FILENAME
SET HARDWARE THETA READ FLAG, IRDTHET. = 1
OPEN SOF SILE
PROMPT FOR FILENAME OF HARDWARE THETA INPUT
READ HARDWEAIME THETM M ILENMME
OPEN HARDWARE THETA FILE
REAC INITIAL TIME FROM SOF
SET THE TIME CHECK INCREMENT PRRAMETERS
CALL LOTHET TO LORD THE HARDWARE THETA VALUES
LORD HWANG ARRAY WITH HARDWARE THETAS FOR EACH JT. OF ERCH RRM
CALL SETUP TO LORD THE HARDWARE POSITION AND ROTATION MATRICES
LOAC HWPOS AND HWROT LITH VALUES FOR EACH JT. OF EACH ARM
DO WHILE KARM . LT. NARM

TNCRDARNT_ 1o,
READ FAOM SOF. TNETIAL THETAS FOR BACH JT OF WAt
CALL SETUP TO LORO THE SIM FPOS AND ROT MATRICGES
SET GRAPHICS PFLRAG = 1
CALL PUSTGRAF TO INITIALIEE GRAPHICS
RERD TIME FROM SOF

CALL LDTHET TO LORD THE HARDWARE THETAS

LORD HWANG ARRAY WITH THETA VALUES FOR ERCK JT. OF ERCH ARM
CRALL SETUP TO LORD THE HRARDWARE POS AND ROT MATRICES
LORD HWPOS AND HIWROT WITH VALUES FOR EACH JT. OF EARCH ARM
DC WHILE KARM . LT. NARM

s

INCREMENT IKARM |
RERC _FROM SOF. THETRS FOR ERCH JT OF KARM 1
CALL SETUP TQ LORO THE SIM POS AND ROT MATRICES
SET GRAPHICS FLAG = =2
CALL ESPAUS TO CHECK OFTION FOR HALTING SIM MOTION
CALL POSTGRAF TO DISPLAY CURRENT TIME POST PROCESSING GRAPHICS
DO _UNTIL END OF FILE
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3.1.3 ROBPLT

The ROBPLT subroutine plots the contents of one of several choices for
plot package formats on a Hewlett-Packard X-Y plotter or a VAX VT125
graphics terminal. It uses exclusively the DI3000 plot package.

ROBPLT requests the user to select the appropriate one of seven plot
file types that was written at the user's discretion during the require-
ments or simulation analysis tools functions: the brief package, the
end-effector package, the joint positions package, the reaction forces
package, a combination of the above four packages, the PID control pack-

age or the force/torque control package.

SUBROUTINE ROBPLT

RERD_PLOT —
RECORD INTO - "2 —
DUMMY RRRAYS DY PG B CENTINGAIID OUWVE OR PV, W8V [reey 1
KR, R CIANTER, = O

ORIGINAL PAGE 1§
OF POOR QUALITY,
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3.2.

1 LDTHET

The LDTHET routine loads the theta values for each joint from direct
read of the hardware control theta values file. It is called from

HDWMOTIN during the postprocessing function for each simulation time
step. There is a limit of ome theta signal value for each joint that

can be read.

SUBROUTINE LDTHET

T

CALL THETA CALCULATION ROUTINE

REARD THETA FLAG., IRDTHET. .NE. 1 ‘-
T TIME .GE. NEXT TIME AT WHICH TO READ THETAR FILE =
RESD TIME FROM HARDWARE THETA FILE INTO TNEXT
KARM = O
TINCREMENT KRARM
THETL LAST THETAS = THETN MNEXT THETASI FOR ERACH JT.
mmmmm;mmmr&mn.
DO UNTIL KARM = NARM
CALL LININT TO COMPUTE NEW THETR CONTROL SIGNAL TIME
COErFFS. :
KARM = O ==
=

INCREMENT KARM

N = O

INCREMENT N

TH (N. KARRM) » THETR = INTERPOLATION ‘BETWEEN THETL

AND THETN

DO UNTIL N = NUMBER OF JOINTS IN KARM

DO UNTIL KARM

= NRARM

RETURN

END

»
4]

T i

S PR

POOR QuAUTY

[ONy
-
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3.2.2 POSTGRAF

Subroutine POSTGRAF provides the motion graphics capability in the post-
processing function for HDWMOTIN, a replay of the simulation motion ver-
sus actual hardware motion. The value of the difference in the simula-
tion and hardware thetas is displayed, along with the environment, ro-
botic system and load objects.

SUBROUTINE POSTGRAF

SET SCALE FACTOR. IFACT = 1000, /BYSTEM SPAN
mmmmw

I

- [
CERAANY WD SPTN  SORLED SVETER SV
LPOATING DISPLAY -
FOR FIRST ARM. CALL DATOUT TO OUTPUT DISPLAY SET UP
ENVIRONMENT DATA EXISTS AND DRAWING FIRST ARM v
BET MBI OF CINSIERNTE TN _UNVIR. ARSI

¥

kd

RS PR AR GISOUEIY T ENVER.

i
!
!
|
|
i
j 1.
Z
cC
r
L

mmmmmmmm
ST TRANMBFCIRMATION RAEED OM LOC. AND OIDENTRTION OF LORD
IN

SRT MAGERER OF CCOPONENTS
OO POR ERCH COMPONENT IN LORD

LORD LORD Ol FOWONY POR GFFR-IOTS
CIRL. CEDRTA TO CTBPLAY LOMO
mmmwmmmmm

AT LEAST 1 ROBOTIC RRM EXISTS
SET TRANSPOMMATION DRSED ON FOS. /ROT. OF SRSE/LINK/TOOL. STM. ArM
SET NUMBER OF COMPONENTS IN BASE/LINK/TOOL PRRM.
DO FOR EACH COMPONENT IN BRASE/LINK/TOOL
1ORO OYS ARM OB ARRAY FOR GRAPHICS FLAGS
CALL OSDATA TO DISPLAY SIMULATION ARM
SET COUNTER POR LAST ARM OB ARRAY LOC. USED
5 CURRENTLY DRAWING ONE OF THE LINKS 4
WBET TRANSFORMATION SREED ON HAECLRE POR, RND ROT. OF LIS
LORO HARDWARE ARM OB PRRAY FOR GRAPHICS (NULLL)
mmwwm.ﬂ. Loc. LINGE IN HCESTE PR

DO UNTIL BRSE. RLL LINKS AND TOoL HRVE BEEN ORAWN
CLOSE AND REPLRCE SEGMENT
& X2

(NULL)

x

URiGieaL PAGE €
OF POOR QUALITY
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3.2.3 MINMAX
. MINMAX searches the postprocessor plot file for the maximum and minimum

values to be used in scaling the axes of the plot. The x and y minimums
and maximums are found for all parameters the user chooses for plotting.

SUBROUTINE MINMAX

KOUNT = O

INCREMENT KOUNT

REWIND PLOT DRTAR FILE

| READ_HEADER INFORMATION CONTARINING IPLC (TYPE PLOT) . NARM. NJ

SET LENGTH OF HERDER BRASED ON IPLC

RERD HERDER TEXT DESCRIBING PLOT FILE PRRAMETERS

5 KOUNT = 1 =

SET START AND STOF AERTIMETING FOR NINT LOOR REIRD BRERD ON IPLC
00 FOR RACKH NINT OF WAOKM ARMMM OO

T KWL L N4 CHOSEN TO MLOT . O NT. RiE_ JT. CHOSEN 70 ALOT > _

[READ AECORNS TNTO X AND Y VALUES TO PLOT FOR EAGH PRRETEN 1

ESE mmmmnmnmm.n =
NPLT = PARAMETER CHOBEN TO PLOT r 3

=

T e v v+ —— ST

KARM. RARM COUNTER. = O

SET START AND STOP PERIMETERS FOR NJNT LOOP READ BRSED ON IPLC

NJUNT = START RECORD FOR TYPE OF PLOT FILE

KARM. NE. ARM CHOBEN TO PLOT .O0R. NJUNT. NE. JT. CHOSEN TO PLOT

-+

READ RECORD INTO X AND Y VALUES TO PLOT FOR EACH PREAMETER

NPLT = START PARAMETER ON RECORD

INCREMENT NPLT

+~_ NPLT = PARAMETER CHOSEN TQO PLOT

WET Y e o e Yo Y T e rame | (NUL.L)

READ PLOT
RECORD INTO
DUMMY ARRAYS

00 UNTIL NPLT = NUMBER OF PARARMETERS ON RECORD

00 UNTIL NJNT = NUMBER OF RECORDS FOR KARRM

DO UNTIL KARM = TOTRAL. NUMBER OF RRMS IN ROBOTIC SYSTEM

DO UNTIL. END OF PLOT FILE

DO UNTIL KOUNT « TOTAL NUMBER OF CURVES TO BE PLOTTED

SET 30N TS A MEBATIVIE AND 306t 7O A AOEETIVE SMOUL PSR S0ALD
SAALI

e— S R T =S
I

BEY VN TO A MEEATIVE A0 YWAK TO N FOBETIVE ShOLL PSRN

CRIGIIAL P
OF POGR (\lu)-?u_

-EE‘EJ
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3.2.4 AXES

Subroutine AXES draws the x and y axes for a plot during the x-y
plotting option of the postprocessor.

SUBROUTINE RAXES
MIN AND MAX ZERO CROSSING CHECK FLAGS = O

3 XMIN VALUE = O -
X MIN ZERO CROSSING FLAG = 1 1 (NUL.L)
, XMAX VALUE = O ,
X MAX ZERO CROSSING FLAG = 1 I INUL L)
T YMIN VALUE = O ' =
Y MIN PERC CROSSING FLAG = 1 1 INULL)
T YMAX VALUE = O -
Y MAX ZEROC CROSSING FLAG = 1 | (NULL)
T Y MIN ZERO CROSSING FLAG = 1

SET VY CHECK = Y MAX VALUE / Y MIN VALUE

ORIGIN T CHECK IS NEGRTIVE -

= O. SET Y ORIGIN = O. [¥ ORIGIN = ¥ MIN VALUE

CALL JMOVE TO MOVE PEN TO ((XMIN. YORG) COORDINATE
CALL JDRAW TO DRAKW X—-AXIS FROM ORIGIN TO (XMRAX. YORG)

T X MIN ZERO CROSSING FLLAG = 1 =
e = CHECK = X MAX VALUE .~/ X MIN VALUE
’_' -
—_ S P CHECK IS NEGARTIVE =
o &= X ORIGIN = X MIN
S SET X ORIGIN = O. VALLUE

CALL JMOVE TO MOVE PEN TO (XORG. YMIN) COORDINARTE
CALL JORAW TO DRAW Y—AXIS FROM ORIGIN TO (XORG. YMAX)
RETURN
END

ORIGINAL PAGE ¥
OF POOR QUALITY
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3.2.5 SCAL

For both user-selected automatic or specified scaling of the postpro-

cessor plot file, routine SCAL is called from the ROBPLT option.

It

chooses the most appropriate scale for the x- and y-axis tic marks. It
finds the exponent of the scale base, the tic mark spacing and the min-
imum tic mark value. The minimum value, XI, to be used for the scale,
and DX, the scale increment between tic marks, are chosen to satisfy

specific constraints.

SUBROUTINE SCHL

ADDO A SMALL. TOLERANCE TOo THE MINIMUM
VALUE, FOR TRUNCRTION

SUBTRACT A SMALL TOLERANCE FROM THE
MAXTIMUM VALUE. FOR TRUNCARTION

FIRST TRIAL VALUE SCALE INCREMENT. DX, =
(MAX—-MIN) /NUMBER PARARTITIONS

SET EXPONENT = LOG OF DX

T EXPO IS NEGATIVE AND NOT AN INTEGER =

EXPO = EXPO — 1. INULL]
SET BRASE = 10. »*«INTEGER PARRT OF EXPO
T AUTOMATIC SCALING IS SET =
STE D WLTRS & & (NULL)
SET MINIMUM TIC MARK VALUE = TINTEGRARL

MULTIPLE OF STEP SIZE
RETURN
END
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3.2.6 TICMRK

Routine TICMRK actually draws and labels the tic marks for a plot during ‘
the postprocessor function.

SUBRQOUTINE TICMRK

COMPUTE X AND Y AXIS LENGTHS

DRAW TIC MARKS OVER RANGE OF X—AXIS ORIGIN TO
XMAX VALUE

DO AT X—-AXIS TIC MARK FREQUENCY
DETERMINE LENGTH OF THE CURRENT TIC MARK LABEL

LABEL THE X-—-AXIS TIC MARKS WITH VALUES

DETERMINE LENGTH OF THE EXPONENT FOR THE X-AXIS
SCARAL.E

OUTPUT EXPONENT FOR THE X—RAXIS SCRLE

DRAW TIC MARKS OVER RANGE OF Y-RXIS ORIGIN TOQ
YMAX VALLUE

DO AT Y-AXIS TIC MARK FREQUENCY
DETERMINE LENGTH OF THE CURRENT TIC MRRK LABEL

LABEL. THE VY-—-AXIS TIC MARKS WITH VALUES

DETERMINE LENGTH OF THE EXPONENT FOR THE Y-—-RAXIS
SCRLE

OUTPUT EXPONENT FOR THE Y—AXIS SCALE
RETURN
END
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